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ABSTRACT 
ABSTRACT 
The random u es of inorganic fertilizers in the UAE farms generate a serious 
threat about polluting the soil, and the environment. This motivates some researchers to 
find suitable alternative , which can give a better crop yield, and at the same time 
become friendly to the environment . 
The present study was performed to find environmentally friendly biological 
fert ilizers to substitute or reduce the application of inorganic fertil izers. Actinomycetes, 
which are known to produce plant growth regulators (PGRs) were isolated from UAE 
soi ls. A total of fifty-seven actinomycetes were isolated from a cucumber rhizosphere 
soil at a farm in AI-Ain city. Out of those isolates, only three actinomycete i solates (C 
2 1 ,  C 33, and C 5 1 )  were selected on the basis of their abil ity to produce high amount of 
plant growth regulators (pGRs) such as auxins and gibberellins. Thin layer 
chromatography (TLC) analysis of culture extracts of the three isolates showed the 
presence of Indole acetic acid (IAA), and gibberellic acid (GA}). B ioassay of cell-free 
extracts from the three i solates produced significant elongation when assayed with oat 
coleoptiles ( IAA test) and lettuce hypocotyls (GA3 test) .  
The three actinomycete isolates were identified to the specIes level usmg 
cultural, physiological, biochemical and chemotaxonomical characteristics. Isolates 
C 2 1 ,  C 33, and C 5 1  were identified as Streptomyces antimycoticus, Streptomyces 
clavuligerus, and Streptomyces erumpens, respectively. 
The three actinomycete isolates were tested in the presence and absence of 
organic, or inorganic fertil izers under glasshouse conditions. It was found that single 
treatment of fish emulsion, humic acid or seaweed extracts significantly increased the 
fresh and dry weights of root and shoot, root and shoot lengths, and fresh weight of 
fruits compared to control treatment (untreated soil) .  
In combined treatments, it was found that the addition of (fish emulsion 
combined with humic acid extract), (fish emulsion combined with seaweed extract), or 
(humic acid extract combined with seaweed extract) significantly increased the fresh 
and dry weights of root and shoot, root and shoot lengths and fresh weight of fruits 
compared to the other treatments. 
In  the triple treatment which included fish emulsion combined with seaweed and 
humic acid extracts a significant increase at (P < 0.05) in the fresh and dry weights of 
root and shoot, root and shoot lengths, and fresh weight of fruits compared to the other 
treatments was reported. 
The addition of the three actinomycete isolates (C 2 1 , C 33,  and C 5 1 )  to the 
treatments mentioned above showed significant (P < 0.05) increase in the fresh and dry 
weights of root and shoot, root and shoot lengths, and fresh weight of fruits compared to 
the control, or the treatment where the actinornycetes mixture was used alone. 
In  the present study, the best treatment significantly increased the plant growth 
and yield was the one that contained: actinomycetes, humic acid, seaweed extracts and 
fish emulsion. 
Total microbial activity was measured at sowmg and after 6 weeks of 
cultivation. The soil amended with fish emulsion, seaweed or humic acid extracts 
separately or in combination had a significantly (P < 0.05) higher total microbial 
activity than the non-amended soil, or the soil amended with the inorganic fertil izer 
after 6 weeks of cultivation. 
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The nutrient contents of the roots, shoots and fruits of plants harvested after 
treatment with inorganic fertilizer alone, or inorganic fertilizer combined with 
actinomycetes mixture had a significantly (P < 0.05) higher nutrient levels than plants 
of other treatments. The concentrations of N, P, K, Na, ea, Mg, eu, Mn, Zn, Fe, B, S, 
el, and 03 in the roots, shoots and fruits were significantly (P < 0.05)  higher in the 
treatment which included the application of the inorganic ferti lizer, or inorganic 
fert il izer combined with act inomycetes mixture than the treatment which included the 
application of fish emulsion combined with seaweed and humic acid extracts, or fish 
emulsion combined with seaweed, humic acid extracts and actinomycetes mixture. 
The inorganic fertilizer application either alone or combined with the 
actinomycetes mixture resulted in the highest levels of nutrients in tissues, whilst the 
nutrient levels of plants grown in fish emulsion combined with seaweed and humic acid 
extracts either alone or combined with the actinomycetes mixture were significantly 
less. 
This is  the first study to employ actinomycetes that produce PGRs with fish 
emulsion, humic acid and seaweed extracts as a nutrient base for plant growth. The 
results also indicate that these treatments can be effective for horticultural production in 
sandy soils such as those found in the United Arab Emirates. 
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The u e of inorganic fertilizers in agriculture has certain limitation including 
high co t, short period effects in sandy soi ls such as U AE soils, difficulties in 
application and finally increasing environmental pollution and thereby disturbs the 
ecosystem. Recently the increasing use of inorganic fertilizers in agriculture has been 
the subject of growing concern of both environmentalist and public health authorities. 
Therefore attempts have been made on recent years to achieve biological methods 
using selected beneficial microorganisms to replace inorganic ferti lizers. Generally, 
microorganisms may be used in the filed in different forms such as: powder; directly 
broadcasted on the soil surface; suspension for dipping seedling roots; direct mixing 
with  soil or irrigation water; seed dressing or seed coating. 
In modem agriculture, pesticide and inorganic fertilizer applications are still 
an invaluable and effective method to control plant diseases and to enhance plant 
productivity. However, since use of agrochemicals is  falling into disfavor because of 
environmental pollution and detrimental effects on a variety of non-target organisms, 
potential use of microbe-based biocontrol agents or microbe-based fertilizer as 
replacements or supplements for agrochemicals has been addressed in many recent 
reports 
Bacteria and actinomycetes are the most common type of soil microorganisms, 
because they have the ability to util ize a wide range of nitrogen and carbon substrates. 
Population of soil bacteria found around the roots of plants ( i .e . ,  in the rhizosphere) 
are generally much greater than the bacterial communities that is found in the rest of 
the soil (non-rhizosphere area) . This is due to the production of high levels of 
nutrients that are present in the root zone and can be used to support bacterial growth 
and metabolism. 
oil microorganisms that colonize roots and promote plant growth represent a 
subset of rhizosphere bacteria called plant growth promoting rhizobacteria or PGPR. 
PGPR can produce direct or indirect effects on host plants.  Indirect effects are those 
related to the production of metabolites, such as antibiotics, siderophores, or HeN, 
which increase plant growth by decreasing the activities of pathogens or deleterious 
microorganisms. PGPR can produce direct effects on plant growth by producing 
metabolites, such as plant growth regulators ( PGRs) that directly promote plant 
growth, or by facilitating nutrient uptake by the plant . 
Auxins, gibberellins and cytokinins that act as PGRs and influence 
physiological and developmental processes of plants such as cell division, seed 
germination, root development, accumulation of chlorophyll, leaf expansion and delay 
of senescence. 
PGRs produced by rhizosphere microorganisms that live in close proximity to 
the root also may influence plant growth and development. 
The majority of the farmers are reducing the use of the inorganic fertilizers by 
biological ferti lizers for many reasons such as: increasing seed germination; 
increasing the rate of root formation; increasing the microbial activity around the 
roots; increasing soil fertil ity; reducing the rate or even eliminating the use of 
inorganic ferti lizers; reducing the environmental pollution; increasing the ability of 
plants to absorb nutrients; increasing plant productivity; increasing the ability of 
plants to control diseases and reducing the rate of applying fungicides and pesticides. 
The value of organic wastes as biofertilizers and soil conditioners has been the 
subject of considerable debate. The simplest and most common method of estimating 
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the value of orgaruc wastes IS to consider them as substitutes for commercial 
fert ilizers. This is often done by assesslllg the current market value of the plant 
nutrients they contain, particularly their macronutrient content of N, P, and K. Many 
organic wastes contain other compliments besides organic matter and macronutrients 
that can contribute significantly to higher crop yields. 
1 . 1  Aims of the thesis 
The aims of this thesis were to: 
1 - I solate and characterize a number of beneficial plant growth promoting 
actinomycetes from cucumber rhizosphere soils, and to examine these i solates 
for their ability to produce plant growth regulators. 
2- Compare cucumber growth and yield by using a combination of newly used 
organic ferti lizers available in the UAB market in the presence and absence of 
selected plant growth promoting actinomycetes. 
3- Increase the microbial population and microbial activity in the soil  and hence 
to increase the soil ferti l ity. 
4- Reduce the use of the inorganic fert il izers used in the UAB by the newly used 
natural organic ferti l izers. 
5- Identify the most promising plant growth promoting actinomycetes to species 
level using the standard techniques. 
6- Apply beneficial environmentally friendly microorganisms in agriculture and 




Ch apter Two 
LITERATURE REVIEW 
2. 1 Effect of beneficial microorganisms on increasing plant 
producti vi ty 
The high input of agrochemicals ( chemical fertilizers) into soi ls  is a major 
agricultural technique for the enhancement of plant crop production, but it i s  also an 
environmental hazard. As a result of the increasing environmental and health related 
problems caused by the synthetic agrochemicals currently used, suitable and non­
hazardous innovative alternatives are being used (environmentally friendly biological 
fert il izers i. e .  agrobiotechnologies) (Kozyrovska et at., 1 996). Plant growth-
promoting rhizobacteria (pGPR) are often used as microbial inoculants in Europe, 
USA and Australia. The majority of the farmers in these countries are replacing 
chemical ferti lizers by environmentally friendly biological ferti l izers to increase soil 
ferti l ity; to increase the ability of plants to absorb nutrients which will lead to increase 
in the plant yield; to increase the availabi l ity of nutrients; to reduce the application 
rate of chemical ferti l izers and to reduce the environmental pollution that is caused by 
these agrochernicals (Kozyrovska et aI., 1 996) . 
It i s  a well known that a wide range of free living or symbiotic 
microorganisms when used as inoculants are able to enhance and promote 
germination, plant vigor and plant health (Table 1 ) . 
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Table (1) Examples of microorganisms that showed plant growth promotion when applied to the soil as biological fertilizers. 
Microorganisms Plants Mechanisms of growth promotion References 
Acetobacter diazotrophicus Wheat Auxins, Gibberellins Bastian et af. (1998) 
Agrobacterium sp. Lettuce Auxins Barazani and Friedman (1999) 
Alcaligenes piechaudii Lettuce Auxins Barazani and Friedman (1999) 
Arthrobacter sp. Barley Cytokinins Belimov el a1. (1999) 
Azospirillum brasilense Rice Gibberellins Cassan et a1. (2001) 
A. lipoferum Rice Gibberellins Cassan et 01. (2001) 
Bacillus sp. Pine, Oak Ethylene Rozycki et 01. (1999) 
B. pumilus Alder Gibberellins Gutierrez-Manero et al. (2001) 
B. licheniformis Alder Gibberellins Gutierrez-Manero et 01. (2001) 
Comamonas acidovorans Lettuce Auxins Barazani and Friedman (1999) 
VI Enterobacter cloacae Canola Auxins Saleh and Glick (2001) 
GJuconobacter sp. Lettuce Auxins Barazani and Friedman (1999) 
Herbasirillum seropedicae Wheat Auxins, Gibberellins Bastian et 01. (1998) 
Methylovorus Potato, Tobacco, Flax Cytokinins Kalyaeva et a1. (2001) 
Micrococcus luteus Lettuce Auxins Barazani and Friedman (1999) 
Paenibacillus polymyxa Pine Auxins, Cytokinins Bent et 01. (2001) 
Pseudomonas sp. Barley Cytokinins Belimov et 01. (1999) 
Pseudomonas sp. Pine, Oak Ethylene Rozycki et af. (1999) 
P. jluorescens Pear, Apple, Pine Cytokinins, auxins Pusey (1997); Bent et 01. (2001) 
P. putida Lettuce Auxins, Gibberellins, Cytokinins Barazani and Friedman (1999) 
P. syringae Kiwi Auxins Balestra et 01. (2001) 
P. viridijlava Kiwi Auxins Balestra et oj. (2001) 
Streptomyces sp. Wheat Gibberellins Kobayashi et 01. (1995) 
S. coelicolor Potato Auxins Manulis et 01. (1994) 
S. exfoliates Potato Auxins Manulis et of. (1994) 
S. griseoviridis Peat Auxins Tuomi et of. (1994) 
S. grise us Potato Auxins Manulis et of. (1994) 
S. olivaceoviridis Wheat Cytokinins Aldesuquy et 01. (1998) 
S. ramosus Wheat Cytokinins Aldesuquy et of. (1998) 
S. roche; Wheat Cytokinins Aldesuquy et 01. (1998) 
S. scabies Potato Auxins Manulis et 01. (1994) 
S. violaceus Potato Auxins Manulis et 01. (1994) 
Streptoverticillium sp. Lettuce Auxins Barazani and Friedman (1999) 
2.2 Soil a mend ments and types of organic fertil izers 
Many current-farming practices exist where increased plant yield and 
productivity are obtained by amending the soil with a variety of organic amendments 
such as animal and/or plants manures. During the past two decades there has been a 
marked increase in the util ization of new commercial products in agriculture and 
horticulture (Ikpe et aT., 1 999) . 
When the soil elements essential for efficient plant nutrition and econonuc 
production are low in availability or are not in balance, chemical ferti lizers and soil 
amendments are required. For example, when available nitrogen is  low, nitrogen 
ferti l izers are appl ied to enhance plant growth. Furthermore, when the soil  is so acid 
that many soil nutrients such as phosphorus are not readily available or aluminum is  
present in  toxic quantities, lime is applied. The efficient use of inorganic ferti lizers 
and l ime supplements organic fert ilizers to achieve optimum agronomic and economic 
plant nutrition and production have been applied (Follett et aI. , 1 98 1 ). 
Soil amendments have been used to increase land productivity and efficiency 
of providing food, fiber, and shelter for an increasing population working outside of 
agriculture since antiquity. In modem agricultural production systems, attainment of 
the most economic yields and a reasonable return for land and labor investments are 
achieved through the addition of many physical off-farm inputs such as improved 
seeds, commercial ferti l izers pesticides, and irrigation (Dao and U nger, 1 995). 
Public concern about the environment has become widespread and today both 
agriculturists and the non-agricultural publics share concern for the environment . The 
challenge is to seek management alternatives that mitigate environmental degradation 
while maintaining agricultural productivity and profitability. Another challenge to 
both groups i s  to arrive at a mutual understanding of objectives and suitable solutions 
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that preclude over-reaction and restrictive regulation that may put agricultural 
industries in non-competitive positions in an ever-increasing competitive global 
economy (Dao and Unger 1 995) .  
Much research has been done on the fate of fertil izers, micro nutrients, 
pesticides, municipal sludge, agricultural and industrial by-products, and other 
amendments in major agrosystems during the past 4 decades. Soil amendments are 
released into a very complex natural environment in which a multitude of physical, 
chemical and biological processes interact at all conceivable scales of measurement 
(Dao and Unger, 1 995) .  
There are many alternatives and substitutes for chemical ferti l izers. Some are 
rational substitutes, other are rational partial substitutes, whereas a third group are 
non-rational alternatives (Follett et aI. , 1 98 1 ) . 
The most popular rational substitutes for chemical ferti l izers are animal 
manures, green-manure crops, sewage sludges, composts, and crop residues. Partial 
substitutes include microbes that, under ideal environments, are capable of fixing 
atmospheric nitrogen. I ncluded among these microbes are Rhizobium, Azotobacter, 
Clostridium, Spirillum, and blue-green algae. The term partial substitute is used 
because seldom do any of these microbes fix enough nitrogen for optimum yields of 
the crop (Follett et aI. , 1 98 1 ) . 
Municipal solid waste compost has a potential to be used as a soil amendment 
to increase and sustain the organic carbon in calcareous soils of south Florida (Zinat i 
et aI. , 200 1 ) . Municipal solid waste also has a greater potential to be used as a soil 
amendment to supply plants with Cu, Mn, and Zn than other treatments in calcareous 
soils of south Florida (Zinati et al. , 200 1 ). Meyers and Kopecky ( 1 998) reported that 
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land appl ication of wood ash is an environmentally safe alternative to landfilling and 
may replace conventional limestone and fertil izer for forage crop production. 
Worldwide, fish-meal powder ( Sadiq and Hussain, 1 993; Ndiaye et aI. , 2000), 
oluble fish emulsion (Emino, 1 98 1 ; Cheng, 1 987), seaweed extract (Zhang and 
Schmidt, 1 999' Fike et aI. , 200 1 )  and humic acid extract (Ayuso et aI., 1997; Diatloff 
et al. 1 998 '  Adani et aI. , 1 998) have been used as organic fertilizer, either alone or in 
combination with other soil amendments to improve yields of many greenhouse and 
field crops. 
2.2. 1 H u m ic acid 
Harper et al. ( 1 995) studied the effects of decomposition products of 
Eucalyptus camaldulensis leaves on the root elongation of maize in the presence and 
absence of toxic aluminum. The stat ic solution culture experiment used fulvic and 
humic acids, extracted from E. camaldulensis leaves. In the absence of aluminum, 
root elongation was increased by fulvic and humic acids. In the presence of 
aluminum, the effects of toxic aluminum on root elongation were negated -by fulvic 
and humic acids. They found that the E. camaldulensis fulvic acid and humic acid, 
either in the presence or absence of aluminum, stimulated maize root elongation. 
They concluded that fulvic and humic acids alleviated aluminum limitations on root 
elongation of maize (Harper et al. , 1 995) .  
Wang et al. ( 1 996) studied the influences of fulvic acid on bioavailability and 
toxicity of selenite for wheat seedling and growth by greenhouse hydroponic 
experiment . The results showed that seed germination, embryo development, and 
plant growth were stimulated by selenite. In the presence of fulvic acid, the 
stimulation effects were more obviously observed. The presence of fulvic acid could 
reduce the bioavailabiIity of selenite and could also antagonize the toxic effects of 
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selenite. The reasons for the antagonism were caused by the inhibitory effects of 
fulvic acid on the uptake of selenite by plants and by the stimulating effects of fulvic 
acid on plant growth 
Ayuso et al. ( 1 997) found that the hurnic acids derived from the less evolved 
organic materials (sludge and compost) showed higher aliphatic nature, higher 
nitrogen compound content, lower oxidation degree and more heterogeneous 
composition than those extracted from more evolved materials (peat and leonardite). 
However all these differences did not lead to significant differences in plant growth, 
but all these hurnic acids showed an increase in the yield compared to the control . 
Diatloff et at. ( 1 998) concluded that the concentrations of hurnic and fulvic 
acids commonly present in the soil solutions, are capable of forming non-rhizotoxic 
complexes with lanthanum (La) (toxic to the root growth) in com, hence plant 
tolerance to La in the soil solution may be appreciably higher than would be indicated 
by the results of the solution culture experiments in which these ligand are not 
present. 
Adani et at. ( 1 998) tested hurnic acids extracted from two commercially 
available products (CP-A prepared from peat and CP-B prepared from leonardite) for 
the stimulation of tomato growth .  The CP-A stimulated only root growth in  tomato 
plants. CP-B showed a positive effect on both shoots and roots. The two products 
affected the total ion uptake by the tomato plants. In particular, CP-A showed an 
increase in  the uptake of nitrogen, phosphorus, iron, and copper, whereas, -CP-B 
showed positive effects for nitrogen, phosphorus, and iron uptake. 
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2.2.2 Seaweed extract 
Francki ( 1 960) reported that when seaweeds were applied to the soil as dry 
pulverized meals, it improved aeration and aggregate stability and increased t race 
element supply and this could explain some of the beneficial effects of using seaweed 
preparations in agricultural purpose. 
Lynn ( 1 972) reported that natural seaweed products are easy to apply and 
relatively cheap products and improved plant growth. Therefore, they represent an 
alternative way to the conventional synthetic ferti l izers and the improved plant growth 
through seaweed appl ication was attributed to its soil conditioning properties. 
Passam et al. ( 1 995) found that foliar application of seaweed extract increased 
crop yield of cucumber, depending on the cultivar; neither pre- nOT post-harvest 
applications of the extract improved fiuit qual ity ( i . e. green color retention) during 
storage. 
Fornes et al. ( 1 995) studied the effect of a seaweed extract application on fiuit 
maturation with two early ripening mandarins and the early ripening Navelina orange. 
An aqueous extract obtained from Ascophyllum nodosllm and marketed under the 
trade-mark Goemar® was used. In the three cultivars used, the application of the 
seaweed extract enhanced fiuit earl iness. The treated fiuits could be harvested five to 
seven days in  advance to the control-untreated fiuits. This circumstance results in an 
economic advantage for the early cropping cultivars, in which earliness results in a 
premium price in  the market (Fornes et aI. , 1 995) .  
Eyras et al. ( 1 998) composted algal biomass with the objective to produce an 
amendment to improve physical and nutritional characteristics of some sons. They 
found that the addition of compost increased water holding capacity and plant growth.  
Their conclusion was that the composting was a useful technology both to soive 
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environmental pollut ion problems and to produce a valuable orgaruc fertilizer for 
soi ls .  
Moller and Smith ( 1 998) reported that the two seaweed suspensions obtained 
from the whole brown algae Ascophyllum nodosum or from the lamina of Laminaria 
hyperborean was used as plant fert ilizers promoting plant growth solely due to their 
mineral content . 
Zhang and Schmidt ( 1 999) treated two-week-old Kentucky blue grass with 
seaweed extract and humic acid alone or in combination, and grown under two soil 
moisture levels for five weeks and subsequently analyzed for antioxidant 
concentration and growth. The hormone-containing treatment improved leaf water 
status and enhanced shoot and root growth regardless of soil moisture levels. 
Fike et al. (200 1 )  found that seaweed (Ascophyllum nodosum) was a known 
source of plant growth regulators, and its applications to turf grasses have increased 
the activity of the antioxidant superoxide dismutase and specific vitamin precursors. 
I ncreased antioxidant activity in both plants and animals diminishes oxidative stress. 
2.2.3 Fishmeal  powder and fish emulsion 
Aung and Flick ( 1 980) concluded that fish soluble nutrients (FSN) applied at 
weekly or biweekly intervals gave a comparable growth and fruit yield of greenhouse-
grown tomatoes (Lycopersicon esculentum) as plants fertil ized with full strength 
Hoagland's  nutrient solution. FSN fert il ization stimulated vegetat ive growth and 
delayed flowering and fruit ripening by five to eight days depending upon 
concentration and frequency of application. FSN can be a useful nutrient source for 
crop ferti l ization. 
Emino ( 1 98 1 )  found that growth of seven container grown greenhouse plants 
in the greenhouse receiving FSN applied at weekly intervals was equivalent 10 piants 
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fertil ized with a nutrient solution derived from inorganic sources at equiva1ent rates of 
nitrogen (Emino, ] 98 1 ) . 
Cheng ( 1 987) reported that fish emulsion added at 1 % by volume enhanced 
the effect of sawdust waste as constituent of growth media for tomato resulting in 
increased yield. 
Ndiaye et af. (2000) used fish by products as a soil amendment for growing 
millet and groundnut and concluded that the application of the processed nsh by­
products significantly increased millet grain from 0.29 Mg ha- 1 in the control plot (no 
fish by-product) to 2 . 50 Mg ha- I with 6 Mg ha-1 fish by-product . M il let stover yie1d 
was also increased. Groundnut yields increased millet grain from 0 .29 Mg ha- 1 in the 
control plots to about 1 . 00 Mg ha- I with 2 Mg ha- 1 fish by-product .  Residua1 effect of 
fish by-product after one year significantly improved yields of millet and groundnut 
compared with inorganic ferti l izer and equaled yields of the same crops with 
inorganic fertil izer after two years (Ndiaye et al. , 2000) . 
2.3 Beneficial plant growth-promoting rhizobacteria (pGPR) 
A large number of  different microorganisms are commonly found in the soil 
including fungi, algae, bacteria, actinomycetes and protozoa (paul and -Clark, 1 989). 
Bacteria ( including actinomycetes) are by far the most common type of soil 
microorganism, possibly because they can grow rapidly and have the abil ity to utilize 
a wide range of substances as either nitrogen or carbon sources (Lynch, 1 990) . While 
many of the bacteria found in soil are bound to the surface of soil particles and are 
found in soil aggregates, a number of soil bacteria interact specificaUy with the roots 
of plants (Lynch, 1 990). In fact, the population of bacteria per gram of soil that is 
found around the roots of plants ( i .e . ,  in the rhizosphere) i s  generally much greater 
than the bacterial density, or concentration, that is found in the rest of the soil (Lynch, 
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1 990) This presumably reflects the presence of high levels of nutrients that are found 
in the zone around the roots and can be used to support bacterial growth and 
metabolism (Lynch, 1 990). 
The interact ion between bacteria and plant roots may be beneficial, harmful, 
or neutral for the plant and sometimes the effect of a particular bacterium may vary 
as a consequence of soil conditions (Lynch, 1 990). For example, a particular 
organism that facilitates plant growth by fixing nitrogen, which is usually present in 
the soil in l imited amounts, is unlikely to provide benefit to a plant in a setting where 
exogenous fixed nitrogen is added to the soil (Lynch, 1 990). 
While there are a number of soil bacteria that are mildly pathogenic to plants, 
many of the more agronomically important plant disease causing soil microorganisms 
are fungi, including members of such genera as Rhizoctonia, Pythium, and Fusarium. 
Despite the fact that most of the research in the area of microbial phytopathogenesis i s  
directed toward reducing the negative impact that these organisms have on plants, 
knowledge of the mechanism( s) of microbial phytopathogenesis may indirectly 
contribute to a better understanding of some of the mechanisms used by plant growth 
promoting bacteria (Lynch, 1 990). 
The bacteria that provide some benefit to plants are of two general types, 
those that form a symbiotic relationship with the plant and those that are free-l iving in 
the soil, but are often found near, on, or even within the roots of plants (Frommel et 
aI. , 1 99 1 ). The symbiotic bacteria, especiaUy rhizobia, have been studied extensively, 
and although the world market for these microorganisms is relatively small at the 
present time, they have been developed as a biological means of increasing crop 
yields in certain circumstances ( Sharma et aI. , 1 993) .  Beneficial free-living soil 
bacteria are usually referred to as plant growth promoting rruzobacteria or PGPR 
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(Kloepper et at. , 1 989) or, by one group of workers in China, as yield increasing 
bacteria or YIB (Tang, 1 994). A number of different bacteria may be considered to be 
PGPR, including Azotobacter, Azospirillum, pseudomonads, Acetobacter, 
Burkholderia, Bacilllls and treptomyces species (Brown, 1 974). 
PGPR may stimulate plant growth either indirectly or directly. The indirect 
stimulation of plant proliferation includes preventing phytopathogens from inhibiting 
plant growth and development by the production of antibiotics, siderophores, 
hydrocyanic acid, and cell wal l  degrading enzymes (O'Sullivan and O'Gara, 1 992; 
Glick, 1 995) .  Competition, parasitism and other factors, which decrease activities of 
pathogens or deleterious microorganisms and, thereby, increase plant growth are also 
documented as an indirect method for plant growth promotion (Glick, 1 995) .  Direct 
growth promotion occurs when microorganisms produces metabolites that directly 
promote plant growth without interactions with the native soil microflora (Kloepper et 
at. , 1 99 1 ), and provides plants with compounds such as fixed nitrogen, 
phytohormones, or solubilized iron [Tom the soil, or facilitating the uptake of certain 
nutrients from the environment (Brown, 1 974; Glick, 1 995) .  
2.3. 1 Mechanisms of ind irect growth promotion 
Collectively phytopathogens can reduce crop yields by 25-75%, which is an 
enormous potential loss of productivity. At present this loss is dealt with by the use 
of chemical pesticides, although fumigation, steam treatment, and solarization of soils 
have also been employed (Garnliel and Katan, 1 992) .  Until recently it was believed 
that the advantages of using pesticides could be realized without any deleterious 
environmental effects. However, with the realization that many of these chemicals 
may be hazardous to animals and humans, and persist and accumulate in the natural 
ecosystems, came the desire to replace these chemical agents with biological 
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approaches that were more "friendly" to the environment . The biological approaches 
that are currently being developed to control a variety of phytopathogenic agents 
include the development of transgenic plants that are resistant to one or more 
pathogenic agents (Greenberg and Glick, 1 993) and the use of PGPR that can 
suppress or prevent the phytopathogenic damage (O'Sullivan and O'Gara, 1 992). 
2.3. 1 . 1  Anti biosis 
Antibiosis can be defined as the excretion of one or more metabolites by an 
organism, which has a deleterious effect on one or more other organisms. One of the 
most effective mechanisms that a PGPR can employ to prevent proliferat ion of 
phytopathogens is the synthesis of antibiotics (Chaube and Singh, 1 99 1 ). 
This mechanism is bel ieved to play an important part in the biological control 
of plant pathogens. However, the production of antibiotics by microorganisms is hard 
to prove in the natural environment. Many antibiotics in the soils can be adsorbed by 
organic matter or clay particles (S ingh and Faull, 1 988) or are quickly decomposed by 
microflora (Fravel, 1 988) .  These complications and the lack of more sensitive 
techniques to detect low levels of antibiotics at micro sites in soil make it difficult to 
prove their effects in soi l .  Baker ( 1 968) reported that antibiosis in culture media does 
not necessarily indicate antibiosis in soi l .  I nactivation of antibiotics produced in soil 
is due to a number of processes, including adsorption on clay colloids and humus 
particles, actual microbiological degradation, and instabil ity due to pH.  The most 
important of these may be adsorption. Persistence of antibiotics in the adsorbed 
condition may occur and a slow release may be inferred from the reaction of bacterial 
flora (Baker, 1 968).  
The fungus Gliocladium virens has been shown to control effectively 
damping-off of Zinnia sp. seedlings caused by Pythium ultimum. Gliocladium virens 
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ha been shown to produce detectable levels of gliotoxin (Lumsden et at. , 1 992), 
which was correlated with disease suppressive activity (Stanghellini and Hancock, 
1 97 1 ) . Other researchers have shown Pythium spp. to be highly susceptible to 
gl iotoxin produced by Glioc/adium virens (Roberts and Lumsden, 1 990). 
Bacteria also produce antibiotics for example Pseudomonas jluorescens strain 
(Pf 5 )  produces pyoluteonin, which is strongly inhibitory to Pythium ultimum. Seeds 
that were treated with the antibiotic or with the bacterium showed increased survival 
in Pythium ultimum infested soil, compared to non-treated seeds. However, if this 
antibiotic was added directly to the soil and the seeds did not germinate due to pre­
emergence damping-off. This is most l ikely a result of the antibiotic being inactivated 
by soil colloids (Howell and Stipanovic, 1 980). 
Turhan and Grossmann ( I 986) tested the antibiotic activity of 300 isolates of 
actinomycetes towards six different soil-borne fungi using a modified agar-ring 
method and found a considerable variation among the fungi tested in relation to their 
sensitivity to the antibiotics produced by the actinomycete isolates. 
In vitro studies have shown that certain fungi and bacteria are capable of 
producing non-volatile antibiotics (Lumsden et at. , 1 992) and volatile antibiotics 
(Dennis and Webster, 1 97 1 )  whereas information on antibiosis in potting mix or soil is 
l imited . 
Despite the difficulties of proving the role of antibiotics in vivo, they should be 
considered as a viable option particularly in controlled environments such as in 
greenhouses and hydroponic production of plants (Glick, 1 995) .  
Evidence for the direct involvement of antibiotic production In PGPR­
mediated disease suppression has come from two different types of experiments. ( i)  
Non-antibiotic-producing mutants of several different disease-suppressive bacterial 
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strain were no longer able to prevent phytopathogen-caused damage to plants (Keel 
et al 1 992). (iy When an antibiotic-producing (wild type) strain of Pseudomonas 
j/uorescens was genetically manipulated to overproduce the antibiotics pyoluteorin 
and 2 4-diacetylphloroglucinol, the resultant strain protected cucumber plants against 
di ease caused by Pythium ultimum more than did the wild-type strain (Schnider et 
aI. , 1 994). 
2.3. 1 .2 Com petition 
Competition was defined by Clark ( 1 965) as the injurious effect of one 
organism on another because of the utilization or removal of some resource of the 
environment . I f  a pathogen is to maintain an effective inoculum potential, then it 
must be able to compete saprophytically or be able to survive as a dormant propagule 
(Jarvis, 1 992). Therefore, a biological control strategy that prevents the pathogen 
population from building up to dangerous levels is very important (Cook and Baker, 
1 983) .  
Competition may be used broadly to  denote factors favoring a species over 
another, but in a narrower sense it can mean active demand in excess of immediate 
supply of material or condition on the part of two or more organisms (park, 1 960) . 
Competition for nutrients is regarded as a vital mechanism for the control of 
pythiaceous fungi . The strategy for use of competition in biological control is: where 
essential nutrients in the rhizosphere or rhizoplane must become limiting to inhibit 
germination and penetration, candidates for the principal l imiting factors are 
commonly nitrogen, carbon and/or vitamins (Baker, 1 968). Several investigators 
found that nitrogen concentration in the soil influences the action of phytopathogens 
because of the utilization of nitrogen by microorganisms (Huber et aI. , 1 968). 
Competition for nitrogen has been suggested as a mode of competition (Cook and 
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Baker, 1 983) .  The addition of lignin and chitin was reported by Maurer and Baker 
( 1 965)  to induce suppression of bean root rot caused by Fusarium solani f. sp. 
phaseoli, and they reported that the addition of nitrogen to this system lead to an 
increase in disease suppression indicating that competition for nitrogen was involved . 
Maurer and Baker ( 1 965) also found that the nitrogen added to the soil was more 
beneficial to competitors than to the pathogen. 
Weller ( 1 985)  reported that Pseudomonads sp. can catabolize divers nutrients 
and have fast generation times in the root zone. Suslow ( 1 982) reported that PGPR 
prevented deleterious rhizobacteria (DRB) from colonizing sugar beet to their full 
potential, presumably because the PGPR occupy and exclude DRB from the cortical 
cell junctions, at which exudation of nutrients is maximal. 
Competition among microorganisms is for a substrate. The substrates could 
be space, nutrients, infection sites, oxygen, and energy flux (Clark., 1 965) .  Propagules 
of Pythium spp. depend on exogenous nutrients in order to germinate and to infect a 
host (Elad and Chet, 1 987) .  I n  nutrient poor soils, the main source of inorganic 
carbon is seed and root exudates. It has been postulated that deprivation of these 
nutrients by soil microorganisms would result in disease suppression (Lockwood, 
1 986) .  Competition for carbon sources and immobilization have been shown in a 
composted bark suppressive to Pythium spp. (Chen et at. , 1 988) .  
Lifshitz et at. ( 1 984) proposed that competition for infection sites was 
associated with soil suppressiveness to Pythium uitimum, which was related to an 
increase in population density of Pythium nunn. 
Microbiological activity in a suppressive container medium was so 
antagonistic to Pythium aphanidermatum that the mycelia were extensively lysed and 
completely degraded with depletion of nutrients (Mandelbaum and Hadar, 1 990) . 
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Other investigators have shown that intense competition from other microorganisms 
results in Pylhium aphanidermatum producing large amounts of sporangia, which is 
an indication of nutrient stress (Paulitz and Baker, 1 988) .  
P eudomonas cepacia applied as a seed treatment to peas has been shown 
effectively to inhibit Pythium ultimum and Pythium sylvaticum in growth chamber 
e periments. This bacterium was shown to inhibit mycelial growth and lyse the 
zoospores. Competition for rhizosphere nutrients was implicated in the biocontrol of 
these fungi (parke, 1 990). 
Pythium oligandrum has been reported to compete for nutrients with the 
pathogen Pythillm u/timum, and thus reduce the propagule density of the pathogenic 
fungus (Martin and Hancock, 1 986). 
Stephens et at. ( l 993) concluded that the major factor influencing the ability 
of a pseudomonad isolate to act as a biocontrol agent against Pythium ultimum on 
sugarbeets in soil, is their ability to metabolize the constituents of seed exudates in 
order to produce compounds inhibitory to Pythium ultimum. 
2.3. 1 .3 Mycoparasitism 
Mycoparasites are fungal pathogens of other fungi and they may be 
categorized into biotrophs and necrotrophs. Biotrophic mycoparasites obtain their 
nutrients by directly invading a cell, forming haustoria and generally cause little harm 
to the host . In  contrast, necrotrophic mycoparasites kil l  their hosts and then uti lize the 
nutrients released from the dead hyphae (Cook and Baker, 1 983) .  
The mechanisms involved in the mycoparasitism include coiling of the 
hyphae, penetration, production of haustoria and lysis of hyphae (Chaube and Singh, 
1 99 1 ) . Necrotrophic mycoparasites produce enzymes such as cellulases and chitinase, 
which lead to exolysis of the host . Exolysis i s  the destruction of cells by the enzymes 
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produced by another microorganism. The degree of parasitism varies depending upon 
several factors including changes in the carbon: nitrogen rat io, l ight, pH, temperature 
and nutrients (Singh and Faull, 1 988). 
Pylhium ofigandnlm has been shown to be mycoparasitic towards Pythium 
ultimum and killing the host hyphae (Lewis et aI. , 1 989). As a seed treatment, this 
fungus was shown to protect sugar beet from pre-emergence damping-off (Martin and 
Hancock, 1 986). Pythium mmn is a necrotrophic mycoparasite that attacks a number 
of soil-borne plant pathogens. When it attacks Pythium ultimum the hyphae of 
Pythium nzmn coil around the pathogen's hyphae and lyse them (Lifshitz et ai. , 1 984) .  
I f  Pythium nllnn attacks Pythium aphanidermatum, Phytophthora parasitica and 
Phytophthora cillnamomi it forms appressorium-like structures and parasitizes the 
hyphae (Lifshitz et aI. , 1 984). 
Trichoderma spp. and Gliocladium virens are also mycoparasites of several 
soil-borne plant pathogens (Sreenivasaprasad and Manibhushamao, 1 990). Their 
hyphae may penetrate the resting structures such as sclerotia or may parasitism the 
hyphae of the pathogen. The term hyperparasite can also be used for actinomycetes 
and other bacteria that parasitise plant pathogenic fungi . Certain strains of 
actinomycetes such as Ampul/ariel/a, Amorphosporangium, Actinoplanes, 
Spirillospora and Micromonospora have been shown to parasite the oospores of 
Phytophthora mega 'Perma f sp. glycinea (Sutherland and Lockwood, 1 984). 
2 .3. 1 .4 Production of cyanide 
Hydrocyanic acid is produced by many rruzobacteria and is postulated to play 
a role in biological control of pathogens. Deleterious rruzobacteria DRB may impair 
plant growth by production of hydrocyanic acid is supported by Alstrom and Burns 
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( 1 989). Several deleterious pseudomonads produced volatile metabolites, including 
hydrocyanic acid which prevented growth of lettuce roots in a bioassay. 
Schippers ef at. ( 1 99 1 )  postulated that the production of hydrocyaruc acid by 
DRB reduces potato root growth and is responsible for the observed decreased potato 
yields with short rotations. Pseudomonad PGPR increases potato yields, according to 
the theory by reducing hydrocyaruc acid production by DRB, through siderophore-
mediated competition for ferric ion, which is required for hydrocyanic acid 
production. 
Voisard et at. ( 1 989) presented evidence that hydrocyanic acid is beneficial to 
biological control . These workers investigated the mechanism for biological control 
by Pseudomonas jluoreseens strain CHAO, which was isolated from a Thielaviopsis-
suppressive soil in Switzerland and was used as a biological control agent for take-all 
of wheat and black root rot of tobacco, caused by Thielaviopsis basieola. The strain 
produced pyovedine, antibiotics, and hydrocyanic acid (Ahl et ai. , 1 986). 
Voisard et ai. ( 1 989) suggested two possible activities for hydrocyaruc acid 
that would account for the observed biological control . Cyanide produced by CHAO 
may directly antagonize Thielaviopsis basieola on roots, without damaging the plants. 
Such antagonism would be limited to the root surface, since the overall survival of the 
pathogen was not reduced in the gnotobiotic assay (Defago et ai. , 1 990) . 
Alternatively, hydrocyanic acid may be acting to induce plant defense mechanisms to 
the pathogen. 
2.3. 1 .5 Production of siderophores 
Although iron is one of the most abundant minerals on earth, in the soil it is 
surprisingly unavailable for direct assimilation by microorganisms. The reason for 
this is that the ferric ion, which is the predominant form of iron in nature, is only 
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sparingly soluble, i .e . ,  about 1 0- 1 8  M at pH 7 .4 (Neilands et aI. , 1 987) .  Since the 
amount of iron that i available in the soil would be much too low to support 
microbial growth, soil microorganisms secrete low molecular mass (�400- 1 000 Da) 
iron-binding molecules (siderophores) that bind ferric ion, transport it back to the 
microbial cel l, and then make it available for microbial growth (Briat, 1 992). 
One-way that PGPR can prevent the proliferation of phytopathogens, and 
thereby facilitate plant growth, through the production and secretion of siderophores 
with a very high affinity for iron (Castignette and SmarreUi, 1 986). The secreted 
siderophore molecules bind most of the ferric ion that is available in the rhizosphere. 
This results in making iron unavailable to rhizosphere microorganisms, including 
plant pathogens, which produce less siderophore or which produce different 
siderophores with lower binding coefficients. The result is less pathogen infection 
and some level of biological control (Gl ick, 1 995) .  
The bacterium that originally synthesized the siderophore takes up the iron­
siderophore complex by using a receptor that is specific for the complex and is 
located in the outer cell membrane of the bacterium (O'Sull ivan and O'Gara, 1 992). 
Evidence for this  mechanism comes from a number of different studies including a 
report that a mutant strain of Pseudomonas putida overproduced siderophores and was 
more effective than the wild type in controll ing a strain of Fusarium oxysporum that is 
pathogenic to tomatoes (Vandenbergh and Gonzalez, 1 984). In another report, a 
mutant strain of Pseudomonas aeruginosa that was deficient in siderophore 
production, no longer protected tomato plants against Pythium damping-off (Buysens 
et ai. , 1 994). Direct confirmation that PGPR in the rhizosphere actually synthesize 
siderophores in response to iron-limiting conditions comes from a study in which 
monoclonal antibodies were used to develop an enzyme-linked immunosorbent assay 
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(ELI SA) to quantify the amount of siderophore from a fluorenscent pseudomonad that 
as present in a barley rhizosphere sample (Buyer et at. 1 993).  
Unlike microbial phytopathogens plants are not generally hanned by the 
local ized depletion of iron caused by PGPR. Most plants can grow at much lower 
iron concentrations (about l OOO-fold) than microorganisms (O'Sullivan and Q'Gara, 
1 992) and a number of plants have mechanisms for binding the bacterial iron-
siderophore complex., transporting it through the plant, and then reductively releasing 
the iron from the siderophore so that it can be used by the plant (Wang et at. , 1 993 ).  
The ability of siderophore to act as an effective disease-suppressive agent is 
affected by the particular crop plant, the specific phytopathogen being suppressed, the 
soi l  composition, the bacterium that synthesizes the siderophore, and the affinity of 
the specific siderophore for iron. Thus, even though a particular PGPR under 
controlled conditions, its behavior in the field is generally extremely difficult to 
predict (Wang et al. , 1 993 ).  
2.3. 1 .6 Production of enzymes 
I n  at least one instance it has been demonstrated that several different 
microorganisms including strains of Pseudomonas cepacia, and Pseudomonas 
solanacearum are able to hydrolyze fusaric acid (Toyoda and Utsumi, 1 99 1 ) . Fusaric 
acid caused severe damage to plants upon Fusarium infection. As a consequence of 
the ability to hydrolyze fusaric acid, these bacterial strains can prevent plant diseases 
that are caused by various species of the fungus Fusarium. Many plants respond to 
pathogenic attack by synthesizing enzymes that can hydrolyze the cell wal ls of some 
fungal pathogens (Mauch et al. , 1 988) .  Similarly, some PGPR strains have been found 
to produce enzymes that can lyse fungal cells. For example, Lim et al. ( 1 99 1 )  isolated 
a strain of Pseudomonas stutzeri that produced extracel lular chitinase and 
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laminarinase. These enzymes could digest and lyse Fusarium solani mycelia t hereby 
preventing the fungus from causing crop loss owing to root rot . In  addition, 
Fridlender et at. ( 1 993) were able to reduce the incidence of plant disease caused by 
the phytopathogenic fungi Rhizocfonia solani, Sclerotium rolfesi and Pythium 
ulfimum by using a 13- 1 ,  3 -glucanase-producing strain of Pseudomonas cepacia that 
was able to damage fungal mycel ia. 
2.3.2 M echanisms of d irect growth promotion 
There are several ways in which different PGPR have been reported to directly 
facilitate  the proliferation of their plant hosts .  PGPR can (i) fix atmospheric nitrogen 
and supply it to plants; (i i) can synthesize siderophores that can solubilize and 
sequester iron from the soil and provide it to plant cells; (i i i) may have mechanisms 
for the solubilization of minerals such as phosphorus that then become more readily 
available for plant growth; (iv) can synthesize several different phytohormones that 
can act to enhance various stages of plant growth; and (v) may synthesize a low 
molecular mass compounds or enzymes that can modulate plant growth and 
development (Kloepper et al. , 1 989; Glick et al. , 1 994) . A part icular PGPR may 
directly affect plant growth and development by using any one, or more, of these 
mechanisms. 
2.3.2. 1 Fixation of atmospheric n itrogen 
The extensive biochemical and molecular biological studies of symbiotic 
diazotrophic bacteria, such as rhizobia, have served as a conceptual starting point for 
understanding the mechanisms of growth promotion by PGPR. Since one of the 
major benefits that rhizobia provide to plants is fixed nitrogen in exchange for -fixed 
carbon (photosynthate), it was initially thought that diazotrophic PGPR might also 
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function in this way (Glick 1 995) .  However, not all PGPR are diazotrophic, and 
many of those that are diazotrophic fix only limited amounts of nitrogen and not 
nearly enough to provide for their own as well as the host plant's nitrogen 
requirements (Hong et af. 1 99 1 ) . Some diazotrophic PGPR provide their plant hosts 
with a portion of the fixed nitrogen that they require; however, even for these PGPR, 
nitrogen fixation is only a minor component of the benefit to the plant (Chanway and 
Holl 1 99 1 ) . 
2.3.2.2 Production of siderophores 
A number of plants are able to use bacterial iron-siderophore complexes as a 
means of obtaining iron from the soil (Wang et at. , 1 993) .  Without t his mechanism 
for obtaining iron, the growth of most plants in most soi ls would be severely limited . 
However, if the effect of a PGPR on plant growth were limited to provide the plant 
with sufficient iron, one might expect treated plants to vary in their response to the 
PGPR according to differences in the amount of available iron in the soi l .  This is not 
the case, so that while bacterial siderophores undoubtedly contribute to the nutrition, 
and hence to the growth of plants, in most instances this effect is probably small 
(Glick, 1 995) .  
2.3.2.3 Faci l i tate the nutrient uptake of minerals 
Several reports have suggested that PGPR stimulate plant growth by 
facilitating the uptake of minerals into the plant, phosphate in particular (Kloepper et 
aI. , 1 988) .  However, there is some controversy regarding the mechanism(s) that 
PGPR employes) in the uptake of minerals. On the one hand, it is argued that the 
increased mineral uptake in plants treated with PGPR is an indirect by-product of that 
interaction and actually reflects a better-developed root system and an overall 
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healthier plant (Glick, 1 995) .  On the other hand, experiments with AzospirilLum 
species have suggested that tillS organism specifically enhances mineral uptake 
(Bashan et al. 1 990). 
2.3.2.4 Production of phytohormones 
The mechanism(s) most commonly invoked to explain the various effects of 
PGPR on plants is (are) the production of phytohormones. Several PGPR may affect 
plant growth through the production and release of stimulatory metabolites, such as 
auxins (Barazani and Friedman, 1 999), gibberellins (Gutierrez-Manero et aI. , 200 1 ), 
and cytokinins (De Salamone et aI. , 200 1 ) ' These substances are called plant growth 
regulators PGRs. 
More details on nlicrobial production of PGRs are explained in section 2 .4 .  
2.3.2.5 Other factors 
Several studies have suggested that a number of factors seemingly unrelated to 
PGPR activity may have an impact on the ability of a bacterium to promote the 
growth of plants (i) It was reported that a lysate of degraded sodium alginate can 
stimulate the elongation of barley roots (Tomoda et al. , 1 994). These authors 
suggested that some of the products of the alginate degradation may act as a signal 
that turns on a stress response in the plant, and that in the soil this is normally 
achieved by alginate-degrading bacteria (Tomoda et al. , 1 994). (ii) In 1 988, Lifshitz 
el ai. used transposon mutagenesis to select a mutant of the PGPR Pseudomonas 
putida GR I 2-2R3 (a spontaneous rifanlicin-resistant mutant of Pseudomonas putida 
GR 1 2-2 that behaves in a manner identical to Pseudomonas putida GR1 2-2) that was 
no longer able to stimulate root elongation under gnotobiotic conditions. 
Unfortunately, despite cloning a DNA fragment that complemented this mutant . 
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Subsequent studies indicated that the mutant was not defective in siderophore 
production indole acetic acid ( IAA) synthesis, or 1 -aminocycloporpane- 1 -carboxylate 
(ACC) deaminase activity (Glick, 1 995). (ii i) Bayliss et al. ( 1 993) reported the 
isolation of a series of transposon mutants of the PGPR Pseudomonas putida GR 1 2-
2R3 that had a decreased ability to promote canola root elongation. A number of the 
selected mutants were found to be defective in their ability to utilize a specific carbon 
or nitrogen compound for bacterial growth. As these workers pointed out "plant 
growth promotion by PGPR in the field is likely to require the coordination of 
multiple phenomena" so that the selected mutants may affect the growth-promoting 
activity of thi s  bacterium by a variety of different mechanisms; however, at this stage 
the nature of the mutagenized genes sti l l  remains to be elucidated. ( iv) It has also 
been suggested that the secretion of succinic and lactic acids by a PGPR strain of 
Pseudomonas pulida may act to directly stimulate root growth in asparagus seedlings 
(Yoshikawa ef aI. , 1 993) .  However, the precise mechanism by which there organic 
acids promote growth stimulation is unknown at present. (v) Plasmid transformation 
of both Azotobacter vinelandii and a PGPR strain of Pseudomonas pUlida has been 
found to severely impair a number of biological functions, including the ability of the 
bacterium to stimulate plant growth (Glick et aI. , 1 986). This indirect effect, which 
was termed a metabolic load, probably resulted from the synthesis of plasmid­
encoded proteins siphoning off energy from the bacterium and limiting other energy­
dependent processes such as nitrogen fixation, siderophore production, and growth 
(Glick et aI. , 1 986). 
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2.4 M icrobial production of plant growth regulators (PGRs) 
Growth promotion may be attributed to mechanisms such as the production of 
plant hormones or plant growth regulating substances, (pGRs) in the rhizosphere. 
Plants may show a response to inoculation by PGRs producing microbial inoculants 
even in nitrogen-rich conditions. Thus, an inoculum should be screened for its abi lity 
to synthesize PGRs (Arshad and Frankenberger, 1 99 1 ) . 
Barea and Brown ( 1 974) observed an increased growth of several plants 
including Paspalum notatum, without concomitant nitrogen fixation upon inoculation 
with cultures of Azotobacter paspali. Similarly, Hussain et a!. ( 1 987) reported a yield 
increase of 1 6% in maize due to inoculation with Azotobacter chroococcllm in field 
studies receiving heavy application of nitrogen fertilizer. This yield increase was 
attributed to the bacterial production of plant hormones. Many workers have reported 
the production of plant hormones by Rhizobium (Puppo and Rigaud, 1 978), 
Azospirillum (Tien et a!. , 1 979) and Azotobacter (Nieto and Frankenberger, 1 989), 
and actinomycetes (Aldesuquy et a!. , 1 998; Barazani and Friedman, 1 999) and have 
considered their physiological action in altering plant growth and development 
(Arshad and Frankenberger, 1 99 1 ) . 
2.4. 1 Auxins 
Auxins are a class of  plant hormones and the most common and well 
characterized is indole-3-ace6c acid ( I AA), which is known to stimulate both rapid 
(e.g. ,  increases in cell elongation) and long-term (e.g. ,  cell division and 
differentiation) responses in plants (Hagen, 1 990). 
Indole-3 -acetic acid ( IAA) is one of the most physiological active auxins, and 
it is a common product of L-tryptophan metabolism by soil fungi and bacteria, which 
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can st imulate plant growth (Lynch, 1 985) .  Frankenberger and Brunner ( 1 983) 
detected three separate indoles in soil by high performance liquid chromatography 
( HP LC), including indole-3-acetamide (lAM), indole-3-pyruvic acid ( IPyA) and I AA 
when incubated with L-tryptophan. 
Au ins have been reported to be present in the liquid culture media of several 
PGPR strains (Bastian et a!. , 1 998) including Bacillus licheniformis and Bacillus 
plrmifu (Gutierrez-Manero et a!. , 1 996). 
Since plants as well as many PGPR can synthesize auxin, it is important when 
assessing the consequences of treating a plant with a PGPR to distinguish between the 
auxin synthesized by the plant in response to PGPR stimulat ion and the auxin 
synthesized by the PGPR itself (Gaudin et aI. , 1 994). A relatively straightforward way 
to directly monitor the effects of bacterially synthesized auxin is to compare plants 
treated with either wild-type PGPR strains or mutant strains that either do not 
produce, or else overproduce, auxin. Thus, for example, mutant strains of the PGPR 
Azospiriflum brasilense that synthesized only very low levels of 1AA, when compared 
with the wild-type strain, no longer promoted the formation of lateral roots of wheat 
seedlings (Barbieri and Galli, 1 993 ).  On the other hand, a mutant strain of the PGPR 
Pseudomona jlllorescens BSP53a that overproduced IAA stimulated the root 
development of blackcurrant softwood cuttings and inhibited that of cherry 
(Dubeikovsky et aI. , 1 993) .  These results indicate that the growth of plants treated 
with an I AA-secreting PGPR is affected by the amount of l AA that the bacterium 
produces and that the response observed may vary from one species of plant to 
another. Thus, PGPR facilitate plant growth by altering the hormonal balance within 
the affected plant (Glick, 1 995) .  
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Arshad and Frankenberger ( 1 99 1 )  reported that auxms m soil can only 
influence plant growth if subject to direct uptake by the plant and not metabolized by 
other soil microorganisms. 
Microorganisms produced auxins only in the presence of a suitable precursor, 
such as tryptophan. Dvornikova et af. ( 1 970) reported that 54 and 1 00% of the fungal 
species tested were capable of synthesizing 1AA from tryptamine. More 
microorganisms isolated from the rhizosphere and rhizoplane of various crops have 
been found capable of producing auxins than from root-free soil (Brown, 1 972; 
Strzelczyk and Pokojska-Burdziej,  1 984). Under natural soil  conditions, it is possible 
that I AA is synthesized in greater quantities than in pure culture, since Smaly and 
Bershova ( 1 95 7) reported that auxin production by Azotobacter was greater in mixed 
culture and in pure cultures mixed with the metabolic products of Bacillus mycoides, 
Agrobacterium radiobacter, and Streptomyces coelicolor. 
The literature contains ample evidence that there are numerous 
microorganisms actively involved in the synthesis of auxins in pure culture and in the 
soil .  Many microorganisms have been reported to produce auxins and auxins-like 
substance (Table 2). 
2.4. 1 . 1  Plant responses to auxins of microbial origin 
Although a higher percentage of microorganisms isolated from rhizosphere 
soil than from root-free soil are capable of synthesizing auxins, they can influence 
plant growth only if the released auxin is subjected to plant uptake and is not 
metabolized by other microorganisms (Arshad and Frankenberger, 1 990). Symbiotic 
associations (e .g . ,  mycorrhizal fungi) provide a direct route for auxin uptake by plants 
(Ek et aI. , 1 983) .  
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lAA Bastian et al. ( 1 998) 
Auxins Larsen et al. ( 1 962) 
I AA urushothaman et al. ( 1 974) 
I AA arazani and Friedman ( 1 999) 
lAA, ICA Clark ( 1 974) 
lAA Clark ( 1 974) 
IAA arazani and Friedman ( 1 999) 
l AA  Strzelczyk and Pokojska-Burdziej ( 1 984) 
lAA, rCA, l AM artmann et al. ( 1 983)  
lAA, lAM artmann et al. ( 1 983)  
I AA Azcon and Barea ( 1 975)  
Heteroauxin, auxin arnpert et  a!. ( 1 975)  
I AA Mahmoud et al. ( 1 984) 
IAA ahmoud et al. ( 1 984) 
Auxins Strzelczyk and Pokojska-Burdziej ( 1 984) 
Heteroauxin asiI'nikov ( 1 958) 
IAA rown ( 1 972) 
IAA arazani and Friedman ( 1 999) 
Auxin Karnpert et al. ( 1 975)  
IAA rown ( 1 972) 
IAA eeler et al. ( 1 984) 
IAA arazani and Friedman ( 1 999) 
IAA astian et al. ( 1 998) 
IAA, rCA auntat ( 1 969) 
IAA arazani and Friedman ( 1 999) 
Auxinlike asil'nikov ( 1 958) 
IAA rown ( 1 972) 
IAA rown ( 1 972) 
lAA arazani and Friedman ( 1 999) 
IAA Glickmann et al. ( 1 998) 
IAA ulard et al. ( 1 963) 
lAA Clark ( 1 974) 
l AA  Atzom e t  al. ( 1 988) 
IAA, !PyA ahmoud et a!. ( 1 984) 
IAA AJdesuquy et al. ( 1 998) 
IAA AJdesuquy et al. ( 1 998) 
IAA AJdesuquy et al. ( 1 998) 
Ire toverticillim s lAA arazani and Friedman 1 999 
alAA, indoleacetic acid; I CA, indolecarboxylic acid; lAM, indoleacetarnide; IPyA, indole 
pyruvic acid. 
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It is well established that amino acids are liberated by roots; therefore, it is 
likely that the active synthesis of auxins and related substances occurs in the 
rhizosphere. Because of the intimate contact between microbial and plant cells on the 
rhizoplane, some of these substances will be reabsorbed by the roots (Katznelson and 
Sirois, 1 96 1 )  
Libbert et at. ( 1 966) suggested that soil microorganisms might affect plant 
growth in the densely populated regions where root exudates and breakdown products 
of dead roots favor auxin synthesis. Auxins produced by Azospirillum brasilense can 
greatly affect the growth of graminaceous plants because their roots are heavily 
populated with this bacterium (Kucey, 1 988). The l iberation of tryptophan by legume 
roots may stimulate auxin synthesis by various symbiotic bacteria (Kefford et aI. , 
1 960). 
Studies have indicated that auxins present in some plants may be partially of 
microbial origin, (Libbert and Si lhengst, 1 970). Chandramohan and Mahadevan 
( 1 968) rejected this hypothesis based on the lack of available tryptophan as a 
precursor in nature and on destruction of auxins by epiphytic microflora. However, 
tryptophan has been detected in root exudates and is released from decaying cells  
(Vancura and Hovadik:, 1 965), thereby allowing the potential for microbial 
biosynthesis of auxins (Strzelczyk et at. , 1 973) .  Even in the absence of tryptophan, 
the possible existence of unknown pathways, perhaps by passing tryptophan (Libbert 
et aI. , 1 966). 
Several studies showed similar plant responses upon treatment with 
phytohormones and inoculation with specific microorganisms. Brown et al. ( 1 968) 
found that a combination of I AA and gibberl lic acid applied to tomato seedlings 
produced enhanced effects on plant growth similar to those of a pure culture of 
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Azotobacter chroococcum. Azcon et af. ( 1 978) reported that cell-free supernatants of 
Rhizobium, Azotobacter, and P eudomonas cultures affected plants similarly, as clid 
the combined application of 1AA, gibberellic acid, and kinet in. Combined 
applicat ions of an auxin-gibberel lin-kinetin preparation led to changes in root 
morphology of sorghum and pearl millet similar to that produced by inoculation with 
Azo pirillum bra ilense (Tien et aI. , 1 979). 
2.4.2 Gibberell ins 
As a microbial metabolite, gibbereUins (GAs) are the least-studied 
pythohormone in soi l systems. Early reports on GA production by various 
microorganisms were based upon bioassays of components separated by paper 
chromatography. A major requirement in quantitative GA analysis in that the method 
must be highly selective, yet have the ability to respond to aU GAs (Arshad and 
Frankenberger, 1 993) .  
Since the initial discovery of GA production by Gibberella fujikuroi by 
Yabuta ( 1 93 5), much work has been conducted on the production, isolation, and 
identificat ion of GAs in culture filtrates of this fungus isolated from roots of different 
hosts. Muromtsev and Globus ( 1 975)  reported that 80% of their strains of Gibberella 
fujikuroi produced GAs, whereas EI-Bahrawy ( 1 977) found that only 40% of their 
isolates were capable of synthesizing GAs. It was highly l ikely that the ability of 
Gibberella fujikuroi strains to produce GAs may depend upon the host plants from 
which they were obtained. Of the 84 known GAs, 26 have been identified in 
Cibberella fujikuroi (Sponsel, 1 987), including GA), a very active form that is seldom 
found in higher plants. Mevalonic acid is the precursor for GAs in higher plants, 
whereas mevalonic acid, sucrose, acetate, 3 -methylcrotonic acid, and senecioate have 
been reported also as possible substrates for GA biosynthesis by Gibberella jujikuroi 
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(Zweig and DeVay, 1 959).  Several microorganisms have been reported to produce 
gibberellin and gibberellin-like substances (Table 3) .  
2.4.2. 1 Plant responses to gibberel l ins of microbial origin 
Although the di scovery of GAs as a PGR is a classic example of the 
interaction between soil microorganisms and plants, on-going research has advanced 
slowly. Curtis ( 1 957)  applied fi ltrates from 1 000 different fungi and 500 
act inomycetes to the whorls of dwarf maize seedlings and found that only Gibberella 
fujikuroi produced GA in concentrations high enough to affect plant growth .  These 
and nearly all subsequent reports on GA synthesis by the soil microflora are based 
upon bioassays, without direct physicochemical determination (Curtis, 1 95 7) .  
There is increasing evidence that many microorganisms do produce GAs. 
High amounts of GAs were found in the root nodules of Lupinus leu tens (Dul laart and 
Duba, 1 970) and A lnus glutinosa (Henson and Wheeler, 1 977) .  Certain 
concentrations of authentic GA3 produced effects on tomato similar to Azospirillium 
chroococcum inoculation or its culture filtrate application (Brown et ai. , 1 968).  The 
response of wheat plants to inoculation with Azospirillum brasilense or Bacillus spp. 
was similar to those caused by the exogenous application of GA3 (Kucey, 1 988) .  
Similarly, Tien et al. ( 1 979) reported that the application of an auxin-gibberellin­
kinet in mixture produced the same morphological effect on pearl millet as did 
inoculation with Azotobacter brasilense. Because GA-like bioactivity has been 
detected in several microbial cultures, particularly those used as inoculants, there is 
increasing evidence that these GAs along with other microbial metabolites, may 
affect plant growth and development (Azcon and Barea, 1 975 ;  Mahmoud et ai. , 
1 984). 
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Gutierrez-Manero et af. (200 1 )  reported that Bacillus pumilus and Bacillus 
licheniformi , isolated from the rhizosphere of alder, promoted the stem elongation 
due to the release of gibberellins. 
Cas an et af. (200 1 )  reported that Azospirillum bra ilense and Azospirillum 
lipoferum promoted the sheath elongation growth of rice due to the release of 
gibberellins. 
2.4.3 Cytokinins 
Cytokinins are found in  both microbial cells and plant tissues. I nvestigation 
on microbial production of cytokinins has been focused primarily on plant pathogens 
The isolation and quantification of cytokinins in nonpathogenic soil bacteria, as well 
as in soil, have received very little attention with usually cytokinin-like bioactivity via 
bioassays being reported (Nieto and Frankenberger, 1 990). 
The majority of microorganisms that produce cytokinins, particularly, 
diazo trophic bacteria, also synthesize auxins or gibberellins, or both. This may confer 
a dual advantage when using these bacteria as inoculants, because plants benefit from 
the fixed N supply and exogenous phytohormones (Nieto and Frankenberger, 1 990). 
Nieto and Frankenberger ( 1 989) tested three Azotobacter spp . (A. 
chroococcum, A.  vinelandii, A .  beijerinckii) and two Pseudomonas spp. (P. 
jluorescens, P. putida) for their abil ity to produce cytokinins in their cultures. They 
also screened several purine ring-containing compounds (adenine, adenosine-5 '­
monophosphate, hypoxanthine, mOSIne, and inosine-5 '  -monophosphate) and 
isoprenoid compounds (isopentyl alcohol, isoprene, 3 -methyl-3-buten- I -ol, and 3 -
methyl-2-buten- I -ol) as  possible substrates for bacterial cytokinin production. The 
appl ication of adenine and isopentyl alcohol enhanced cytokinin bioactivity in culture 
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filtrates of all the bacteria tested, with A. chroococclIm being the most prolific 
producer (Nieto and Frankenberger, 1 989) . 
Gonzalez-Lopes et at. ( 1 986) assessed PGR production by Azotobacter 
vinelandii in four media and found up to fourfold more cytokinin production in 
dialyzed soil medium ( 1 . 8- 4 .4  flg kinetin equivalents per milli l iter) compared with 
other media. This suggested that cytokinin production in soil may be considerably 
greater than that observed in culture media. 
Several microorganisms have been reported to produce cytokinins and 
cytokinin-like compounds (Table 4) .  
2.4.3. 1 Plant responses to cytokinins of microbial  origin 
Under favorable conditions, Azotobacter and Azospirillum within the 
rhizosphere of several plants have been shown to alter plant growth and development, 
in part attributed to the production of cytokinins and other PGRs (Tien et aI. , 1 979; 
De Salamone et aI. , 200 1 ) . 
2.4.4 Ethylene 
Ethylene is well known for its profound effects on plant growth. The 
biological production of ethylene is not limi ted to higher plants, since both pathogenic 
and non-pathogenic 
. . 
rrucroorgarusms are capable of synthesizing ethylene. 
Methionine is the sole precursor of ethylene biosynthesis in plants (Adams and Yang, 
1 979). In combination with glucose as an energy source, methionine serves as an 
effective substrate for the microbial production of ethylene in a wide diverse group of 
fungi, yeasts and bacteria (Arshad and Frankenberger, 1 989). 
Ethylene has been identified as a common component of the soil atmosphere 
and under certain conditions has been shown to reach a concentration high enough to 
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influence plant growth and development . Ethylene concentration as low ,rs 1 D  ppb 
can evoke plant responses and concentrations of 25 ppb result in decreased fruit and 
flower development (prin1fose, 1 979). 
Uag and Curtis ( 1 968) conducted a comprehensive survey on ethylene 
production by 228 soil fungi belonging to 8 1  genera. Twenty-six percent of the 
cultures isolated on cornsteep liquor produced ethylene, as did 20 actinomycetes. 
Dasilva and associates ( 1 974) proposed that ethylene production was of widespread 
occurrence in both eucaryotic and prokaryotic organisms. Primrose ( 1 976) examined 
497 soi l and aquatic bacteria, demonstrating the ubiquitous occurrence of ethylene 
producers in nature. 
Lynch ( 1 983)  suggested that fungi are the main ethylene producers because 
they often contribute the largest fraction of microbial soil biomass and are the "most 
important" consumers of available substrates. On the other hand, Cook and Smith 
( 1 977) suggested that bacteria are the major producers, because ethylene is not 
produced at the low water potentials favoring fungi . However, it is l ikely that any 
specific group of heterotrophs that generate ethylene may be controlled by t he nature 
of organic materials available as their carbon source or as possible competitive 
enzymatic substrates (Arshad and Frankenberger, 1 990) . 
L-Methionine serves as ethylene precursor in higher plants. In contrast, 
controversy exists concerning the common precursor of ethylene in microOTganisms. 
Whereas methionine is known to stimulate ethylene production by bacteria (Swanson 
et aI., 1 979) and many fungal species (Arshad and Frankenberger, 1' 989), several 
Krebs cycle intennediates are also known to act as substrates for the citrus mold, 
Penicillium digitatum (Chou and Yang, 1 973) .  Glucose, methionine analogues, 
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homocysteine, and homo serine may also serve as possible precursors of ethylene 
biosynthesis (Arshad and Frankenberger, 1 989). 
A hitherto unsuspected mechanism of plant growth promotion inv01ves the 
plant hormone ethylene. It was recently demonstrated that the PGPR Pseudomonas 
putida GR I 2-2 contains the enzyme l -aminocycloprpane- I -carboxylate (ACC) 
dearninase (Jacobson et aI. , 1 994). This enzyme hydrolyzes ACC, the immediate 
biosynthetic precursor of ethylene in plants. When Pseudomonas putida G R 1 2-2 was 
chemically mutagenized, three independent mutants that lacked ACC dearninase 
activity were selected. Unlike the wild type, none of these selected aed mutants were 
able to promote the growth of canola seedling roots under gnotobiotic conditions, 
implicating the enzyme ACC deaminase in the mechanism that this bacterium uses to 
stimulate canola root elongation (Glick et aI. , 1 994) . 
One model that can be used to explain this observation is that Pseudomonas 
putida GR 1 2-2 binds to seed coats (Hong et ai. , 1 99 1 ), and during seed imbibition the 
bacterium sequesters and then hydrolyzes ACC, thereby lowering the level of 
ethylene in the developing plant. For a number of different plants, ethylene stimulates 
germination and breaks the dormancy of the seeds (Esashi, 1 99 1 ), but if the level of 
ethylene following germination is too high, root elongation is inhibited (Jackson, 
1 99 1 ) . 
Since many PGPR such as Pseudomonas putida G R 1 2-2 synthesize 
indoleacetic acid, the ACC deaminase activity may prevent indoleacetic acid, which 
normally stimulates the enzyme ACC synthase in the plant, from increasing ethylene 
synthesis. Thus, when PGPR, such as Pseudomonas Putida GR I 2-2, that contain the 
enzyme ACC deaminase are bound to the seed coat of a developing seedling, they 
may act as a mechanism for insuring that the ethylene level does not become elevated 
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to the point where root growth is impaired (Glick, 1 995) .  This bacterially facilitated 
timulation of root elongation could enhance the survival of some seedlings, 
especially during the first few days after the seeds are planted. This model predicts 
that any bacterium that contains the enzyme ACC deaminase can bind to plant seeds 
or roots in the soi l should also be able to promote root elongation. In other words, any 
rhizosphere bacterium with ACC deaminase activity should also be a PGPR. In fact, 
when P eudomonas spp. that were able to use ACC as a sole nitrogen source were 
isolated from several different soil samples and then tested for the ability to promote 
the proliferation of canola roots in sterile growth pouches, in seven out of seven cases 
e amined a P eudomonas sp. that was able to utilize ACC as a sole source of nitrogen 
also displayed PGPR activity (Glick et ai. , 1 994). 
It is reported that several microorganisms are able to synthesize and produce 
ethylene (Table 5) .  
2.4.4. 1 Plant responses to ethylene of microbial  origin 
Ethylene concentration as low as 10 nUL can evoke plant responses, whereas 
25 nUL results in decreased fruit and flower development (Primrose, 1 979). Under 
certain conditions, ethylene concentrations in soil reach levels sufficiently high 
enough to influence plant growth and development (Yoshida and Suzuki, 1 975) .  
Jackson and Campbell ( 1 975)  revealed the significance of exogenous of ethylene 
influencing plant growth by demonstrating rapid movement of radioactive ethylene 
applied to roots in nutrient solution from the tomato roots to shoots. 
Different plant responses are obtained due to the effect of different PGRs 
(Table 6). 
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accharolytic coryneform spp. 
Serratia lipuefaciens 
Stre tom ces s . 
References 
Primrose ( 1 976) 
Primrose ( 1 976) 
Rozycki et at. ( 1 999) 
Primrose ( 1 976) 
pazout et af. ( 1 98 1 )  
Primrose ( 1 976) 
Primrose ( 1 976) 
Primrose ( 1 976) 
Primrose ( 1 976) 
Primrose ( 1 976) 
Primrose ( 1 976) 
Rozycki et aZ. ( 1 999) 
Pazout e t at. ( 1 98 1 )  
Primrose ( 1 976) 
pazout et af. ( 1 98 1 )  
Bonn et af. ( 1 975)  
Primrose ( 1 976) 
Primrose ( 1 976) 
Dasilva et af. 1 974) 
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Fruit setting and growth 
Flowering promotion 
Assimilate partitioning 
Stimulation of protein synthesis 
I ncreased respiration 
Gibberel l ins 
Cell division 
Hyperelongation of stem 




Enhanced leaf senescence 
Enzymatic activity regulation 
Stimulated cell elongation 
Cytokinins  
Enhanced cell division 
Enhanced root development 
Enhanced root hair formation 
Inlubition of root elongation 
Shoot initiation 
Bud formation 










Root and root hair initiation 
Aerenchyma development 
Leaf epinasty 




Anthocyanin synthesis promotion 






Promotion of femaleness 
I ncreased grO\vth rate 
Stimulation of RNA synthesis 
I ncreased enzyme activity 
Bolting in long day plants 
Dormancy release 
Flowering promotion 
I nduction of maleness 
Delay leaf senescence 
Auxil iary bud development 
Enhanced intemodel length 
Gene activity 
Accumulation of chlorophyll 
Promotion of the conversion of etioplasts 
into chloroplasts 
Stimulation of protein, DNA, and 
RNA synthesis 
Increased flower formation 
E nhanced seed release 
Enhanced transpiration and translocation 
assimilates 
Increased phytosynthetic rate 
Flower initiation 
Flower sex shifts 




Storage product hydrolysis 
Latex and gum exudation promotion 
Protein synthesis promotion 
RNA synthesis promotion 
Abscission promotion 
Seed and bud dormancy release 
Apical dominance release 
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2.5 Strategies to increase PGPR effectiveness 
The interest in PGPR is based on both the desire to unravel a complex and 
fascinating biological system and the potential to utilize these organisms to increase 
the yields of crop plants. In the first instance, strains shown to possess specific 
desirable traits have been selected, tested, and then used as a component of 
agricultural practice, although so far to a limited extent. As more and better strains 
are developed and shown to be effect ive, the use of PGPR in agriculture will increase. 
Some improved PGPR strains will undoubtedly be developed by conventional 
mutagenesis and selection; however, this approach is intrinsically l imited by the 
genetic material contained within the target PGPR . Thus, it is only through the use of 
genetic engineering that truly novel "superior" PGPR strains can be developed (Glick, 
1 995) .  
One can enVISion a number of different ways in which PGPR might be 
improved by genetic engineering. Some of these strategies are relatively straight 
forward requiring the addition of only a single functional gene, while others are more 
complex and will require PGPR to be transformed with several genes at once (Glick, 
1 995) .  
One strategy that plants use to limit root colonization by phytopathogens is the 
production of active oxygen species such as the hydroxyl radical, the superoxide 
anion, and hydrogen peroxide (Sutherland, 1 99 1 ) . Plant roots may also respond to 
colonization by PGPR by producing active oxygen species (Katsuwon and Anderson, 
1 990). Phytopathogens that contain higher levels of the enzymes that reduce that 
amount of active oxygen species, i . e . ,  superoxide dismutase, catalase, and peroxidase, 
have been shown to be more effective pathogens (Klotz and Hutchenson, 1 992). It is 
therefore reasonable to expect that increasing the levels of one or more of these 
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enzymes by the genetic manipulation of a PGPR might increase the colonizing ability 
and hence the effectiveness of that PGPR strain. 
The soil contains a large number of different microorganisms, and those 
microbial strains that are able to util ize an unusual carbon or nitrogen source such as 
an opine, ACC, or a xenobiotic compound (such as a herbicide or pesticide) should be 
able to proliferate and then persist longer than other microorganisms in those soils that 
already contain such unusual compounds. For example, the ability of some PGPR to 
hydrolyze ACC may provide these strains with a competitive advantage over other 
microorganisms in the rhizosphere, although not in the rest of the soil, because they 
can use ACC as a source of nitrogen (Glick et at. , 1 994) .  I n  addition, in  an effort to 
engineer a more soil-persistent biocontrol bacterium, another group of researchers 
transferred the NAH7 plasmid, which carries the genes encoding the enzymes of the 
naphthalene and salicylate biodegradative pathway, into an established biocontrol 
strain. The introduced plasmid was stably maintained and conferred increased 
persistence upon the host bacterium when salicylate was present in the soil (Colbert et 
af. 1 993) .  Simi larly, the presence of a herbicide or pesticide in soi l may facilitate the 
proliferation of bacteria engineered to degrade these compounds; at the same time, 
these chemicals may suppress the proliferation of the other microorganisms in the 
same soil and possibly provide a biodegrative PGPR with a significant competitive 
advantage. 
A PGPR that can stimulate plant growth in the laboratory will not necessarily 
have any significant impact on plants in the field unless it is able to persist and grow 
in the natural environment . In  Canada, for example, this means being able to survive 
long cold winters and then grow at cool temperatures in the spring (-5- 1 0CO) (Glick, 
1 995) .  I t  was recently reported that the PGPR Pseudomonas putida GR 1 2-2 secretes 
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antifreeze protein(s) into the surrounding medium, then the bacterium is grown at low 
temperatures (Sun et aI. , 1 994). This (these) protein(s) may regulate the formation of 
ice crystals outside of the bacterium, thereby protecting it (them) from damage that 
might otherwise occur at freezing temperatures. The addition, by genetic engineering, 
of antifreeze protein(s) to a PGPR that is otherwise unable to persist and proliferate at 
cold temperatures may make a bacterium a more effective PGPR by permitting it to 
thrive under these adverse conditions. 
Since one of the major ways III which PGPR act as biocontrol agents is 
through the synthesis of antibiotics, the activity, and hence the utility, of a PGPR may 
be improved by providing it with genes that encode the biosynthesis of antibiotics 
normally encoded by other bacteria (Gill and Warren, 1 988). I n  this way it should be 
possible to extend the range of phytopathogens that a PGPR is able to suppress. I n  
addition, by limiting the proliferation o f  other soil microorganisms, antibiotic­
secreting PGPR may indirectly facil itate their own proliferat ion because they will 
have fewer competitors for l imited nutritional resources (Gi l l  and Warren, 1 988). 
Antibiotic biosynthesis in the rhizosphere, and throughout the rest of the soil, 
is not restricted to PGPR. In some instances it may be difficult for a PGPR to survive 
i n  the presence of another antibiotic resistance genes that, when expressed, allow the 
PGPR to prevent the antibiotic from inhibiting its growth. Obviously, however, it is 
not possible to protect a PGPR against all possible antibiotics. Since PGPR with 
genetically engineered antibiotic resistance may transfer that resistance to other 
bacteria in the environment, it may be better to avoid the use of antibiotic resistance 
genes altogether (Gl ick, 1 995) .  
A novel way to improve PGPR would be to use genetic engineering to extend 
the range of iron-siderophore complexes that a particular strain could utilize. This 
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was done by cloning the genes for iron-siderophore receptors from one PGPR and 
introducing them into other strains (Marugg et aI. , 1 989). In this way, a genetically 
altered PGPR strain could utilize siderophores synthesized by other soi l 
microorganisms, thereby giving it a competitive advantage. 
In some instances it may be possible to util ize the ability of PGPR to colonize 
the roots of crop plants to deliver various biological insecticides to the plant . The 
roots of many plants are attacked by insects that, because of their underground 
location, would normally make insecticides based on Bacillus thuringienses useless as 
biocontrol agents. However, in one case the insecticidal toxin gene from Bacillus 
thuringienses subsp. Kurstaki was introduced into a PGPR strain (a Pseudomonas 
flu ore cens that was originally isolated from com roots) so that after re-introduction 
into the soil the engineered bacterium synthesized and released the insecticidal toxin 
into the rhizosphere and conferred protection against root-attacking insects 
(Obukowicz et aI. , 1 986). With this construct, as long as the engineered bacteria are 
able to persist in the soil, they should continue to synthesize the insecticidal toxin, 
obviating the need for repeated sprayings of either biological or chemical insecticides. 
Although it may seem that diazotrophs have a competitive advantage over 
non-diazotrophic strains in nitrogen-poor soils, the very large amount of energy, in the 
form of ATP, which is required for nitrogen fixation may actually put the diazotrophs 
at a disadvantage. Therefore, converting a non-diazotrophic PGPR by genetic 
engineering to a diazotrophic one, while technically possible, will not necessarily 
enhance the competitiveness of the bacterium and could even debilitate the engineered 
bacterium, rendering it unable to stimulate plants growth (Glick et al. , 1 989; Hong et 
at. , 1 99 1 ) . 
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2.6 Biology and c lassification of actinomycetes 
2.6. 1 Ecology of actinomycetes 
Actinomycetes are a diverse group of Gram-positive bacteria that exhibit wide 
morphological differences that range from relatively simple rods and cocci to complex 
mycelial organizat ion similar to that of some eukaryotes (Locci and Sharples, 1 984). 
Actinomycetes are placed in the order Actinomycetales. Reproduction is by the 
production of spores in specialized areas of the mycelium or by fragmentat ion of the 
mycelium. Most species are aerobic, mesophilic chemo-organotrophic and grow 
optimally at a pH near neutrality (Williams and Well ington, 1 982).  
Actinomycetes are ubiquitous; they are found in many habitats such as marine 
and freshwater environments, cold- and warm-blooded animals, soil, air and ill 
composts and fooders (Williams and Wellington, 1 982).  However, they seem to 
prefer the soil constituents such as litter, dung, humus, and even rock surfaces 
(Lechevalier, 1 98 1 ) . It is well known that in relatively humic, dry, calcareous soils, 
actinomycetes form the dominant fraction of the cell micro biota with viable counts 
reaching 1 million per gram soil (Goodfellow and Williams, 1 983 ) . 
Most Streptomyces spp. ,  which is the common genus in this order, and other 
members of the Actinomycetales are biologically active components of the soil 
ecosystem. They give the strong odor of the freshly cultivated agricultural soi ls, 
which is a characteristic property of compounds produced by many Streptomyces sp. 
(Gerber, 1 979), and indicates that they are in a physiologically active state. 
Actinomycetes contribute greatly to the breakdown and recycling of many complex 
organic compounds such as proteins, nucleic acids, polysaccharides and lignocellulose 
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found in the soils (McCarthy e( a7., 1 986), making the constituents of these 
compounds available for growth of all other micro biota. 
Viable counts of several mill ions per gram are common, and over 20 
actinomycete genera have been isolated from soi l .  Assessments of frequency must be 
regarded as tentative, because any isolation procedure is to some extent selective 
(Williams and Wellington, 1 982). Many studies on soi l actinomycetes have been on 
Streptomyces spp. However, there is  little doubt that the genus Streptomyces i s  the 
most widespread and important in the soil (Williams, 1 978). 
Actinomycetes are an important group of microorganisms, not only as 
degraders of organic matter in the natural environment, but also as producers of 
antibiotics, and other useful compounds of commercial interest . In addition, 
actinomycetes are important for the production of enzymes, such as amylases (eg. 
ThennomoJ7ospora curvafa), cellulases (eg. Thermonospora spp. ), peptidases, 
proteases (Nocardia spp .) ,  chitinase, pectinases (Micromonospora spp. ), xylanases 
(Microbispora spp.), ligninases (Nocardia autotrophica), and sugar isomerases 
(Actinoplanes missouriensis) and enzyme inhibitors including e1asnin (Streptomyces 
noboritoensis), esterastin (Streptomyces lavendulae) and leupeptin (Streptomyces spp. ) 
(Cross, 1 982). 
Actinomycetes have been reported to produce PGR such as auxms, 
gibberellins and cytokinins (Noel et aI. , 1 996; De Salamone et aI. , 200 1 ). 
Actinomycetes are also important for transforming aromatic, sterol and steroid 
compounds and for the degradation of recalcitrant molecules (Lechevalier and 
Lechevalier, 1 985) .  Actinomycetes are not only beneficial organisms but can also 
cause infections of humans and animals such as tuberculosis, leprosy and farmer's 
lung disease, and of plants such as potato scab caused by Streptomyces scabies. 
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However they are far more beneficial as crop symbionts, enzyme antibiotic and PGRs 
producers (Goodfellow and Williams, 1 983) .  
Lechevalier and Lechevalier ( 1 985)  separated actinomycetes into broad groups 
of unequal size. The first group is composed of mainly fermentative organisms that 
are most often associated with natural cavities of man and animals.  The much larger 
second group i composed of oxidative organisms for which soil is the basic reservoir 
and from which they are disseminated to most other environments. The organisms in 
the first group do not produce special morphological features other than a branching 
mycelium. Mycelial development may be transitory, occurring only during active 
growth and fragmenting immediately when the growth rate slows, it may be limited, in 
extreme cases appearing as branched single cells; or it may occur only under special 
growth conditions (Lechevalier and Lechevalier, 1 985) .  Some of them are soil 
inhabitants ego Agromyce ramosus, Actinomyces humiferus and Oerskovia spp. and 
their cell walls do not contain diaminopimelic acid (DAP). 
The organisms in the second group are morphologically more diverse than the 
first group, and contain DAP in their peptidoglycan. They mainly develop in the 
mycelial state and reproduce through the formation of unicellular spores, differentiated 
either singly or in chains at the tips of the hyphae ego Streptomyces, 
Streptoverticilfium, and Actinomadura. Some of them are sporangium-forming 
actinomycetes with flagellated sporanglOspores ego Actinoplanes, while 
Micromollospora form single conidia on their substrate mycelium. Dermatophilus 
and Geodermatophilus form a substrate mycelium which divides both transversely and 
longitudinal ly to give a primitive multilocular sporangium. This second group is a 
large and complex one and contains many genera distinguished by a combination of 
structural and chemical properties. 
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2.6.2 Taxonomy of actinomycetes 
Actinomycete taxonomy has undergone considerable changes in the last 
decades. This is mainly due to the re-evaluation of the value and significance of 
criteria used for the characterization of genera and species of actinomycetes. The 
classical criteria used for the identification of actinomycetes into genera and species 
were thoroughly reviewed and discussed (Goodfellow and Cross, 1 984). These 
included physiological and biochemical, cultural, morphological, and ecological 
criteria. More recently, the application of new, reliable biochemica� genetical, 
numerical, chemical, and molecular biological techniques was the reason for the 
revolutionary change in bacterial systematics (Goodfellow et aI. , 1 988).  Major 
progress in the identification and classification of actinomycetes followed rapidly. 
New chemotaxonomic methods have also been developed (Goodfellow and Cross, 
1 984) .  Their use in conjunction with morphology helped re-define the boundaries of 
the existing genera, hastened the recognition of new genera, and greatly facilitated the 
generic identification of many new isolates. 
Goodfellow ( 1 986) assigned all the actinomycete genera into ten aggregate 
groups: actinobacteria, actino planetes, multilocular sporangium-forming 
actinomycetes, nocardioforms, Kitasatosporia, maduromycetes, micropolysporaes, 
Nocardioides, streptomycetes and therrnomonosporaes. Today there are more than 60 
genera in these aggregate groups (Goodfellow, 1 989) . The most common 
actinomycetes in soil s  are the streptomycetes. Although other actinomycetes genera 
are not abundant, it is known that they are widely distributed throughout all soils. 
These "non-Streptomyces" or rare actinomycetes or slow-growing actinomycetes have 
been studied in recent years for their commercial exploitation, such as sources for new 
antibiotics (Goodfellow and Williams, 1 986). 
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2.6.3 Isolation of actinomycetes 
William and Wellington ( 1 982) and Cross ( 1 982) outlined the stages in the 
isolation of actinomycetes which include: (i) selection of the material containing the 
actinomycetes (li) growth on laboratory media and addition of antibiotics to the 
medium· (iii) pre-treatment of the substrate; (iv) incubation conditions; and (v) colony 
selection and purification. 
A wide range of antibiotic amendments and substrates pre-treatments has been 
used for the isolation of actinomycetes from a range of substrates; these are outlined in 
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CHAPTER III 
Materials & Methods 
Chapter Th ree 
MATERIALS AND METHODS 
3. 1 Composition of med ia 
1 - I norganic salt-starch agar (Starch n itrate agar) (SNA) (mod ified 
fro m  Kiister, 1 959) 
Soluble starch 1 0 .0 g 
Potassium nitrate 2 .0 g 
Dipotassium hydrogen phosphate 1 . 0 g 
Magnesium sulphate 0. 5 g 
Sodium chloride 0 .5  g 
Calcium carbonate 3 . 0  g 
Ferrous sulphate 0 .0 1 g 
*Trace salt solution 1 . 0 rnL 
Distil led water 1 000.0 rnL 
Agar 20.0 g 
*Trace salt solution as adopted by Pridham et af. ( 1 957) was composed of 0. 1 
mg per liter of each of the fol lowing salts: ferrous sulphate, magnesium chloride, 
copper sulphate and zinc sulphate. 
2- I norganic salt-starch broth (Starch n itrate broth) (SNB) (modified 
fro m  Kiister, 1 959) 
The medium composition was similar to the medium of inorganic salt-starch 
agar (starch nitrate agar) (SNA) described above, but without the addit ion of agar. 
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3- Oatmeal yeast extract aga r  (OMYEA) (Kuster, 1 959) 
Twenty grams of oatmeal were steamed in 1 liter of distilled water for 20 min. 
The oatmeal was filtered through cheesecloth, and distilled water was added to restore 
the filtrate to 1 litter. Yeast extract 1 g and 20 g of agar were added and the pH of the 
medium was adjusted to 7 .2 .  
4- G lycerol asparagine agar (pridham and Lyons, 1 96 1 )  
Glycerol 1 0 .0  rnL 
L-asparagine 1 . 0 g 
Dipotassium hydrogen phosphate 1 . 0 g 
Magnesium sulphate 0 . 5  g 
Sodium chloride 0 . 5  g 
Calcium carbonate 3 .0 g 
Ferrous sulphate 0.0 1 g 
Distilled water 1 000.0 rnL 
Agar 20.0 g 
5- Yeast extract malt  extract agar (Pridham et aL , 1 957) 





4 .0 g 
1 0 .0  g 
1 000.0 mL 
20.0 g 
6- Peptone-yeast extract i ron aga r  (Tresner and Danga, 1 958) 
Peptone 1 5 .0 g 
Protease peptone 
Ferric ammonium citrate 






5 .0 g 
0 . 5  g 
1 . 0 g 
0.08 g 
1 . 0 g 
1 000.0 mL 
20.0 g 
7- Tyrosine agar  (Shirl ing and Gottlieb, 1 966) 
Glycerol 1 5 .0  mL 
L-Tyro ine 0 . 5  g 
L-Asparagine 1 . 0 g 
Dipotassium hydrogen phosphate 0 . 5  g 
Magnesium sulphate 0. 5 g 
Sodium chloride 0 . 5  g 
Ferrous sulphate 0 .0 1 g 
Dist il led water 1 000.0 mL 
Agar 20.0 g 
8- Carbon uti l ization agar basal medium (Shirt ing and Gottl ieb, 
1 966) 
Dipotassium hydrogen phosphate 5 . 56  g 
Magnesium sulphate 1 . 0 g 
Potassium dihydrogen phosphate 2 . 38  g 
Disodium sulphate 2 .64 g 
Ferrous sulphate 1 . 1  mg 
Cupper sulphate 6 .4 mg 
Manganese chloride 7.9 mg 
Zinc sulphate 1 . 5 mg 
Distilled water 1 000 mL 
Agar 1 5 . 0  g 
9- N itrogen uti l ization agar basal medium (Wil l iams et aL , 1 983) 
D-glucose 1 0.0  g 
Magnesium sulphate 0. 5 g 
Sodium chloride 
Ferrous sulphate 




0 . 5g 
0 .0 1 g 
LO g 
1 000 mL 
1 5 .0 g 
1 0- Glucose n itrate broth ( Kuster, 1 959) 
Glucose 
Potassium nitrate 





Distil led water 
1 0.0 g 
2 .0 g 
LO g 
0 .5  g 
0 .5  g 
3 . 0  g 
0.0 1 g 
1 000.0  rnL 
1 1 - H utchinson medium (Hutchinson and Clayton, 1 9 1 9) 
Calcium nitrate 





D istilled water 
Filter paper strips 
2 .5  g 
1 . 0 g 
0. 1 g 
0.3  g 
0. 1 g 
0. 1 g 
1 000.0 mL 
2 x 1 0  cm 
1 2- Pecti c enzym es medium ( Hankin et aL , 1 97 1 )  
Potassium dihydrogen phosphate 4.0 g 
Disodium hydrogen phosphate 6.0 g 
Pectin from citrus rind 5 .0  g 
Yeast extract 1 . 0 g 
Magnesium sulphate 0.2 g 
Ferrous sulphate 0.00 1 g 
Calcium chloride 0.00 1 g 
Disodium phosphate 2.0 g 
Distilled water 1 000.0 rnL 
Agar 1 3 .0  g 
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1 3- N itrate red uction medium ( Bacto-nitrate broth ) (Gordon and 





3 . 0  g 
5 . 0  g 
1 . 0 g 
1 000.0 mL 
Reagents for the detection of nitrate reduction 
i- Sulfani lic acid-acetic acid 
Eight grams of sulfanilic acid are dissolved in 1 l iter of 5 N acetic acid ( 1  part 
chemically pure glacial acid to 2 . 5  parts disti l led water) and stored in brown glass 
bottle. 
ii- D imethyJ l - a -naphthyJam ine 
Six mL of dimethyl-a-naphthylamine were dissolved in 1 liter of 5 N acetic 
acid ( 1  part chemically pure glacial acid to 2 . 5  parts distilled water) and stored in 
brown glass bottle. 
i i i- Zinc d ust ( powdered zinc) 
1 4- Colloidal ch iti n  agar (Ma kkar and C ross, 1 982) 
Preparation of colloidal chitin 
Crude chitin (from crab shells, Sigma) was washed alternately in 1 N NaOH 
and 1 N HCI for 24 h periods each, on five occasions. Then, it was washed four times 
with 95% (v/v) ethanol .  Fifteen grams of the purified white chitin was then dissolved 
with 1 00 mL of concentrated Hel and stirred in an ice bath for 20 min. The mixture 
was then filtered through glass wool, and the solution was poured into cold distil led 
water to precipitate the chitin. The insoluble chitin on the glass wool was treated 
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again with HCI, and the process was repeated until no more precipitate was obtained 
when the filtrate was added to cold water. The colloidal chitin was allowed to settle 
overnight and the supernatant was decanted. The remaining suspension was 
neutralized to pH 7.0 with NaOH.  The precipitated chitin was then centrifuged, 
washed with sterile distil led water, and stored as a paste at 4°C . The medium 
contained 
Colloidal chitin (Dry weight) 2 g 
Calcium carbonate 0.02 g 
Ferrous sulphate 0 .0 1  g 
Magnesium sulphate 0.05 g 
Potassium chloride 1 . 7 1  g 
Disodium hydrogen phosphate 1 .63 g 
Disti l led water 1 000.0 mL 
Agar 20.0 g 
pH 7.2 






5 .0  g 
1 000.0 mL 
1 5 . 0  g 
1 6- U rease broth ( Rustigan and Stuart, 1 94 1 )  
Potassium dihydrogen phosphate 





9. 1 g 
9 .5  g 
0. 1 g 
0.0 1  g 
1 000.0 mL 
1 7- Nutrient agar (Anonymous, 1 989) 
Beef extract l . O g  
Peptone 5 .0  g 
Yeast extract 2.0 g 
Sodium chloride 5 .0  g 
Distil led water 1 000.0 mL 
Agar 20.0 g 
1 8- Yeast extract-dextrose broth (Waksman, 1 950) 
Yeast extract 1 0.0  g 
Dextrose 
Dist il led water 
3.2 Soil sa mpl ing and analysis 
1 0 .0 g 
1 000 rnL 
Ten random rhizosphere soil samples were col lected from a cucumber farm at 
Al-Ain  city, by removing intact two weeks old cucumber roots and shaking the 
adhering soil into plastic bags. In the laboratory, rhizosphere soil samples were 
bulked and mixed to ensure uniformity, passed through a 1 cm mesh sieve to remove 
stones and root fragments and were maintained in plastic bags at 1 5°C before 
processlllg. The water content was determined after drying for 48 h at 1 05°C and was 
expressed on an oven-dry weight basis. 
The chemical characteristics of the soil were analyzed as fol lows: Soil pH was 
measured in a mixture of one part soil in five parts 0.0 1 M CaCI2, and saturation 
paste extracts were used to measure electrical conductivity (Rayment and Higginson, 
1 992). Soluble cations in the saturation paste extracts were extracted as described by 
Carter ( 1 986) and as measured by the inductively coupled plasma atomic emission 
spectrometry ( ICP AES) as described by Zarcinas et al. 
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( 1 987).  Organic carbon' available phosphorus; potassium; i ron extractable sulphur; 
and ammonium and nitrate nitrogen were measured as described by Zarcinas et at. 
( 1 987) .  
3.3 Isolation of actinomycetes from cucum ber rhizosphere soils 
Soil samples were a ir  dried for ten days at 30°C to reduce the numbers of viable 
vegetative bacterial cells according to Williams et al. ( 1 972). Actinomycetes were 
then isolated and estimated using the soil dilution plate method (Johnson and Curl, 
1 972) on starch nitrate agar medium (SNA) with specific soil pre-treatments 
(Hayakawa and Nonomura, 1 987) .  The soil pre-treatments involved preparing serial 
d ilutions of the soil suspension by suspending the soil sample in yeast extract (YE) 
(BBL, Becton Dickinson, Cockeysville, M .D . ,  U .S .A . )  and sodium dodecyl sulfate 
(SDS) (S igma Chemical Co. ,  St Louis, MO, USA) (YE 6% + SDS 0.05%) for 25 min 
at 40°C to remove other factors promoting bacterial growth or injurious to 
germinating actinomycete spores (Nonomura and Ohara, 1 969) and diluting with 
water. YE and SDS were included to decrease and increase the numbers of bacteria 
and actinomycetes, respectively (Nonomura and Hayakawa, 1 988) .  
Three 1 0 9 replicates of the rhizosphere soil were dispensed into 1 00 mL of 
(YE) and (SDS) (YE 6% + SDS 0.05%) for 25 min at 40°C containing 20 g glass 
beads (4 mm diameter). The soil suspension was shaken on a rotatory shaker (Model 
G76, New Brunswick Scientific, Edison, NJ, USA) at 3 50 rpm for 40 min at 28°C. 
Ten-fold dilutions ( 1 0-2 - 1 0-6) were made in a sterile deionized water and 0.2 ml 
aliquots were spread with a sterile glass rod over the surface of SNA medium in sterile 
plastic, 9 cm diameter Petri-plates. Cooled (40°C) sterile molten starch nitrate agar 
was amended with cycloheximide (S igma) (50 �g mJ- l ) and nystatin (Sigma) (50 �g 
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mr 1 ) (Wil l iams and Davies, 1 965) immediately before pouring the plates. Ten plates 
were used per di lution and the plates were dried in a laminar flow cabinet for 25 min 
and then incubated at 28°C in the dark and colony counts were carried after seven 
days. 
Actinomycete colonies were counted and were expressed as cfu g dry soir 1 . 
All colonies were then transferred onto oatmeal agar plates supplemented with 0. 1 % 
yeast extract (OMYEA) (Kuster, 1 959). The hyphae and spores of all actinomycetes 
colonies from ten replicate plates of each isolate were removed from the culture 
surface and were stored in 20% glycerol (cryoprotectant) at -20°C (Wellington and 
Williams, 1 978). They were tentatively identified and grouped to the genus level on 
the basis of their standard morphological criteria and according to the absence or 
presence of aerial mycelium, distribution (aerial/substrate) and form of any spores 
present and the stability or fragmentation of the substrate mycelium (Cross, 1 989). 
3.4 Prel im inary screening of actinomycete isolates for their a bi l ity to 
produce PG Rs 
The aim of this experiment was to screen all cucumber rhizosphere isolates 
( 57  actinomycetes) for their ability to produce PGRs, including auxins and 
gibberellins, in starch nitrate broth (SNB). Erlenmeyer flasks (250 rnl), each 
containing 1 00 ml of the liquid medium were inoculated with 1 0  rnl spore suspension 
of each of the isolated actinomycetes, covered with aluminum foil and incubated on a 
rotatory shaker at 300 rpm at 28°C in the dark for ten days, to avoid photo-oxidation 
of the plant growth hormones. Each isolate was replicated four times. 
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3.4. 1 Extraction of the PGRs 
After ten days, the broth containing actinomycete cultures (400 ml) were 
centrifuged at 8600 g for 20 min. The supernatant was reduced to 50 ml by 
evaporation under vacuum at 40°C and the supernatant fluid was then filtered through 
0.22 !lm membrane filters (Sterile Acrodisc, Gelman sciences, N .J . ,  USA) to remove 
cel l debris. The concentrated filter-sterilized cell-free culture broth was acidified with 
HCI to pH 3, and was shaken three times with ethyl-acetate (Sigma) (HPLC grade) at 
30 min intervals as described by Tien et al. ( 1 979). The combined ethyl-acetate 
fractions were collected for the identification of auxins and gibberellins. Ethyl­
acetate fractions were evaporated to dryness in a rotary evaporator under vacuum at a 
temperature of 40°C and the residues were redissolved in 2 ml of absolute methanol 
(Sigma) (Brown, 1 972). The methanol extracts were stored in the dark at -20°C until 
further use for thin layer chromatography (TLC).  Sterile SNB (control) was also 
extracted and examined for the presence of PGRs. 
3.4.2 Identi fication of the PGRs 
Chromatography with a known authentic PGRs (Sigma) by TLC, specific 
color reactions with colored reagents, and bioassays were used to determine the types 
of auxins and gibberellins. The chromatograms were run on 0 .50 mm thick silica gel 
plates (S igma). A freshly prepared solvent consisting of (v/v) chloroform: ethyl­
acetate: formic acid (50 :  40: 1 0) was used to separate auxins and gibberellins in the 
ethyl-acetate fractions. Auxins were detected on TLC plates by spraying the 
chromatogram with Ehrlich reagent (Bentley, 1 962) and the color was allowed to 
develop for 1 h at 30°C. GibbereUins were detected by spraying another 
chromatogram with ethanolic sulfuric acid (v/v) (90: 1 0) and heating to induce 
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fluorescence of the compounds in ultraviolet light (MacMilan and Suter, 1 963) .  Rf 
(rate of flow) values were calculated for the authentic compounds and for the samples. 
By comparing the identity and the spot size for each of the potential auxins and 
gibberellins produced by all isolates on the TLC plates (four replicate for each isolate) 
with the authentic compounds (Sigma), the most powerful auxins and gibberellins 
producing isolates (three isolates) were selected for further biological assays. 
3.4.3 Bioassay of the PG Rs 
To confirm the presence of auxins and gibberellins, a biological assay was 
conducted for the three isolates. TLC chromatograms not treated with colored 
reagents were dried for seven days to remove solvents and were cut transversely into 
1 0  equal sections representing the sequence of Rf values 0 . 1 to 1 . 0 .  These sections 
were then eluted separately. The spot on the plate at the Rf of auxins, were extracted 
with methanol and tested for the effects on oat coleoptile segment elongation at 25°C 
in the dark by the method of Bentley ( 1 962). Gibberellins were assayed by the method 
of Frankland and Wareing ( 1 960) with lettuce hypocotyls. Each bioassay was 
repeated five times. 
3. 5 Identification of the three actinomycete isolates to species level 
The aim of this section was to identify the three actinomycete isolates obtained 
from cucumber rhizosphere and showed the most powerful auxins and gibberellins to 
species level. All cultures were incubated at 28°C, unless otherwise stated . For the 
morphological, cultural, physiological, biochemical and nutritional tests described in 
this section, actinomycetes were inoculated onto OMYEA and incubated at 28°C for 
1 0  days. Spores and/or mycelial fragments from these plates were used to inoculate 
solid and liquid media used for these tests. 
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3.5. 1 Morphological characteristics 
The three actinomycete isolates were examined morphologically as described 
by Williams and Davies ( 1 967). This involved growing the actinomycete isolates on 
(OMYEA) medium. A number of sterile coversl ips were inserted at 45° angle 
immediately after inoculation of the plates with the actinomycete. After incubation at 
28°C in the dark for 1 0  days, coverslips colonized by the actinomycetes were carefully 
withdrawn from the plates air dried for 30 min, mounted on a glass slide (upper 
surface down) and examined with high-power objectives. The formation of aerial 
hyphae and fragmentation of either the aerial or substrate mycelia were recorded. 
3.5.2 E lectron-microscopy of spores 
A Phillips electron microscope (5600 MD, Eindhoverd, the Netherlands) at 80 
KV was used for the examination of spores by the method of Tresner et al. ( 1 96 1 ) . 
This method involved gently pressing electron microscope specimen grids coated with 
formvar to the sporulating surface of cultures grown on OMYEA. Spore chains, 
which adhered to the coated surfaces of the grids, were observed without fixing or 
shadowing. 
3.5.3 Cultu ra l  characteristics and pigmentation 
The type and intensity of growth, color of aerial and substrate mycelia and the 
reverse color of media, were determined for the three actinomycete isolates using the 
seven color wheels of Tresner and Backus ( 1 963 ). These were determined on 7 and 
1 4  day old cultures grown on SNA, glycerol asparagine agar (GAA) (pridham and 
Lyons, 1 96 1 ), OMYEA, and yeast-extract malt-extract agar (YEMA) (pridham et at. , 
1 957)  at 28°C in the dark. The pH sensitivity of the substrate mycelium and diffusible 
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pigments was assessed by observing any color changes induced by the addition of acid 
or alkali (Shirling and Gottlieb, 1 966) . 
Production of melanin pigments was determined after three days incubation at 
28°C in the dark on peptone-yeast-extract iron agar (Tresner and Danga, 1 958)  and 
tyrosine agar (Shirling and Gottlieb, 1 966). 
3.5.4 Physiological characteristics 
3.5.4. 1 Util ization of carbon sources 
The ability of the three actinomycete isolates to assimilate a range of carbon 
sources was examined by inoculating them onto a basal agar medium (Shirting and 
Gottlieb 1 966) containing one of the following carbon sources; L-arabinose, raffinose, 
sucrose, D-xylose, meso-inositol, mannitol, maltose, D-fructose, L-rhamnose, D­
mannose, D-ribose, D-Iactose, inulin, salicin, trehalose, dextran, D-galactose, 
cellobiose adonitol, xylitol, sodium acetate, sodium propionate, sodium citrate, 
sodium malonate and sodium pyruvate. 
Each carbon source was added at l .0% (w/v) with the exception of sodium 
acetate, sodium propionate, sodium citrate, sodium malonate and sodium pyruvate, 
which were added at 0 . 1 % (w/v) .  The carbon compounds were sterilized by filtration 
through sterile 0 .22 11m Millipore membrane filters (Mill ipore, Australia Pty Limited, 
N . S . W. ,  Australia) and were added to the basal medium after autoclaving and cooling 
to 45°C. Results were recorded after 1 4  days incubation at 28°C in the dark by 
comparing growth intensity with that on un-supplemented basal agar medium 
(negative control) and on a positive control containing 1 % D-glucose. A positive 
result was recorded when growth was greater than that on the positive control . 
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3.5.4.2 Uti l ization of nitrogen sources 
The ability of the three actinomycete isolates to utilize a range of nitrogen 
sources (0. 1 %  w/v) was examined by inoculating a spore suspension onto a nitrogen 
utilization agar basal medium (Williams et ai. , 1 983) containing one of the following 
nitrogen sources; DL-a.-arnino-n-butyric acid, potassium nitrate, L-cysteine, L-valine, 
L-threonine, L-serine, L-phenylalanine, L-methionine, L-histidine, L-arginine and L­
hydroxy proline. Growth was measured after 1 4  days at 28°C in the dark by 
comparing test plates on each source with that on the un-supplemented basal medium 
(negative control) and on a basal medium containing L-asparagine (positive control) .  
A positive result was recorded when growth was greater than that in the positive 
control .  
3.5.4.3 Tolerance to d ifferent concentrations of various inhibitors 
Different concentrations of sodium chloride (0, 0 . 5 , 5 ,  1 0  or 1 5% w/v), sodium 
azide (0 . 0 1  or 0 .02% w/v) , phenol (0. 1 %  w/v), potassium tellurite (0 . 0 1  or 0.00 1 %  
w/v) , thallous acetate (0.0 1 or 0 .00 1 %  w/v), and crystal violet (0 .000 1 %  w/v), were 
used and incorporated into SNA (Williams et ai. , 1 983) .  Actinomycete growth was 
recorded after 1 4  days incubation at 28°C in the dark. Growth in the presence of 
chemical inhibitors at one or more concentrations was recorded as positive when it 
was greater than that in the un-supplemented negative control. 
3.5.4.4 Temperature sensitivity 
This was tested on SNA. I noculated plates were incubated at 4, 1 0, 28 37, 45  
and 52°e in the dark . Growth of  each isolate was recorded after 14  days and indicated 
a positive result . 
68 
3.5.5 Production of enzymes 
3.5.5. 1 L ipase enzymes 
One mL com oil was added to 3 mL of glucose nitrate broth (Kuster, 1 959) in 
which the oil replaced the carbon source (glucose). The tubes were inoculated with 
each actinomycete isolate and incubated in the dark at 28° C for two weeks. Growth 
of each isolate as well as the disappearance of oil droplets indicated the production of 
the enzyme, which was recorded as a positive result .  
3.5.5.2 Keratinase enzymes 
Small pieces of washed fine chicken feathers, were added to the SNB in which 
the feathers replaced starch and potassium nitrate (carbon and nitrogen source, 
respectively). The feather pieces were inoculated with each isolate and incubated in 
the dark at 28°C for two weeks. Growth of each isolate and pigment production of the 
actinomycete isolates on the feathers indicate a positive result . 
3.5.5.3 Cel lu lolytic enzymes 
Strips (20 X 50 mm) of Whatman No. 1 filter paper in 20 mL of Hutchinson 
liquid medium (Hutchinson and Clayton, 1 9 1 9) in 25 mL McCartney vials were 
inoculated with each isolate. I noculation was carried out by transferring a loop of 
spore suspension to the surface of the filter paper, as close as possible to the level of 
the liquid medium. After 30 days of incubation at 28°C in the dark, the fi lter strips 
were examined. The maceration of paper revealed cellulolytic activities. 
P igmentation on the cellulose filter paper was also recorded as positive results 
(Hutchinson and Clayton, 1 9 1 9) .  
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3.5.5.4 Pectic enzymes 
A solid medium for the detection of pectinolytic activity was based on that of 
Hankin et at. ( I  97 1 ). Actinomycete i solates were inoculated onto the agar medium 
and the pectinolyt ic activity was determined after six days incubation at 28°C in the 
dark by flooding the culture surface for at least four hours with a 1 %  (w/v) aqueous 
solution of hexadecyltrirnethylarnmonium bromide (Sigma) . This reagent precipitates 
undegraded pectin, leaving a clear zone around colonies with pectinolytic activity. 
3.5.5.5 N itrate red uctase enzymes 
Six tubes of Bacto nitrate broth (Gordon and Mihm, 1 95 7) were i noculated 
with 0 .2  mL of spore suspension for each actinomycete isolate. The tubes were 
shaken vigorously and i ncubated at 28°C in the dark. After 1 4  days six tubes were 
removed and tested, along with uninoculated control tubes, for the presence of nitrite. 
One mL of sulfanilic acid (S igma) was added to the contents of each tube, mixed, and 
then 1 mL of dimethyl l -a.-naphthylarnine (S igma) was added to each tube and mixed. 
The appearance of a distinct pink or red color indicated the reduction of nitrate. 
B roths, which showed a negative nitrite test, were then tested for the presence or 
absence of residual nitrate. This was done by adding a small amount of zinc dust to 
the tube to which the reagents have been added then allowed standing for few minutes. 
The appearance of a characteristic pink or red color would indicate that nitrate was not 
reduced. 
3.5.5.6 Hyd rogen su lphide production 
Filter paper strips ( 1 0  X 50  rnm) moistened with lead acetate were inserted 
into the necks of 30 mL McCartney vials containing 1 0  mL of nutrient broth 
supplemented with 0 .2% potassium nitrate. The tubes were inoculated with spore 
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suspension of each isolate and examined for the appearance of a black color after 1 4  
days at 28°C in the dark (Kuster and Williams, 1 964). The black color indicated that 
hydrogen sulphide was produced . 
3.5.5.7 Coagulation and peptonization of mi lk 
Test tubes containing sterile skimmed milk (5  mL per tube) were inoculated 
with the test i solates and examined after 7 and 1 4  days at 28°C for coagulation and 
subsequent liquefaction of milk (Williams et at. , 1 983) .  
3.5.5.8 Chitinolytic enzymes 
These were recorded from 1 4  and 2 1  day-old cultures of each organism grown 
on colloidal chitin agar at 28°C in the dark (Makkar and Cross, 1 982) by the 
appearance of clearing zones. Growth intensity was recorded visually by comparing 
the plates of each isolate. Positive colonies have a clear zone around them (Will iams 
et al. , 1 983 ). 
3.5.6 Degradation of com plex insolu ble compounds 
The degradation of adenine (Sigma), tyrosine (Sigma) (0. 5% w/v), 
hypoxanthine (Sigma), xanthine (Sigma) (0 . 4% w/v), elastin (Sigma) (0. 3%), casein 
(Sigma) and glycogen (Sigma) ( 1  %), testosterone (Sigma) (0. 1 % w/v) and guanine 
(Sigma) (0.05% w/v), was detected on SNA in which the complex insoluble 
compounds replaced starch and potassium nitrate. The insoluble compounds were 
mixed thoroughly with the medium before pouring the plates. Clearing of the 
insoluble compounds around and under each colony growth was scored as positive 
result .  
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3.5.7 Degradation of other compounds 
Gelatin (0 .4% w/v) (Sigma) and starch (Sigma) ( l . 0% w/v) degradation were 
detected on the same agar medium used for the degradation of insoluble complex 
compounds. After seven days the cultures were flooded with acidified HgCl2 solution 
(Sigma) (Frazier, 1 926) and iodine solution (0. 1 3  g of iodine and 0 .3  g of KI in 1 00 
mL of distil led water) (Cowan, 1 974) respectively, and scoring cleared zones as 
positive. 
The degradation of DNA (Sigma) (0 .2% w/v), and RNA (Sigma) (0 .3% w/v) 
were observed using the Bacto DNase test agar (Difco) and tryptone agar, 
respectively. In each case, seven day-old colonies were flooded with 1 M  HCI and the 
presence of a clear zone was recorded as positive (Goodfellow et aI. , 1 979). 
The degradation of aesculin (Sigma) (0. 1 %) and arbutin (S igma) (0. 1 %) were 
determined by the method of Kutzner ( 1 976) using a medium containing yeast extract 
3 g, ferric ammonium citrate 0 . 5  g and agar 7 .5  g per 1 liter of distil led water. Tubes 
were examined after 7, 1 4  and 2 1  days after inoculation and incubation at 28°C in the 
dark. A positive result was recorded when the test medium turned black . 
The degradation of Tween 80 (S igma) ( 1 %  w/v) was tested on a nutrient agar 
medium supplemented with Tween 80. After inoculation and incubation at 28°C in 
the dark for 7 and 14 days, growth and opacity of the tubes were examined. 
The degradation of urea (0.4% w/v) was recorded after 7 and 1 4  days using the 
method of (Gordon, 1 967). Briefly, 1 0  mL of a 1 5% (w/v) solution of urea sterilized 
by fi ltration was added to 75 mL of steri le urease broth (Rustigan and Stuart, 1 94 1 ) . 
The mixture was pipetted aseptically into sterile tubes and inoculated with the actively 
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growmg cultures. An alkaline reaction after incubation at 28°C demonstrated 
decompo ition of urea 
The degradation of allantoin was determined in 3 mL of Rustigan and Stuart's 
broth (Rustigan and Stuart, 1 94 1 )  and 0 .0 1  of allantoin (Sigma), were inoculated with 
spores from actively growing cultures. Decomposition of allantoin was indicated by 
an alkaline reaction after 1 4  days at 28°C (Gordon, 1 967). 
3.5.8 Anti-microbial  activity 
The antimicrobial act ivities of the three act inomycete i solates were tested 
against a range of test-organisms which included: 
(i) - Gram-negative bacteria: Escherichia coli and Pseudomonas jluorescens. 
( i i)  - Gram-positive bacteria: Staphylococcus aureus, and Bacillus subtilis. 
( i i i )  - Yeast fungi: Candida albicans and Saccharomyces cerevisiae. 
(iv) - Mould fungi: Fusarium solani, Cladosporium sp. and Aspergillus jlavus. 
F or bacteria and yeast antagonism, the actinomycete isolates were grown for 
seven days on SNA at 28°C in the dark after which agar blocks of the cultures (5  mm 
in diameter) were transferred to the surface of agar plates, freshly seeded with the test 
organism (Hasegawa et al. , 1 990). The width of inhibition zones around the test 
colonies was measured after 24 h for the bacteria and yeasts. Bacteria were cultivated 
on nutrient agar, and yeast fungi on malt-extract agar. For fungal antagonism, the 
actinomycete isolates were streak-inoculated to one side of SNA. The plates were 
then incubated for eight days to allow the production and diffusion of metabolites into 
the agar. An agar disk (6 mm diameter) containing the fungal mycelium was then 
placed onto the opposite side of the actinomycete inoculated plates. Mycelial plugs 
were al so placed on SNA agar separately as uninhibited controls. Cultures were 
incubated in the dark at 28°C for five days and the plates were examined for inhibition 
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of growth after six days. Inhibition was indicated when mycelial growth in the 
direction of the actinomycete colony was retarded. 
3.5.9 Resistance to anti biotics 
The resistance of the three actinomycete isolates to ten antibiotics was tested 
using the fi lter paper disk method of Goodfellow and Orchard ( 1 974) . Briefly, sterile 
Whatman o. 1 filter paper disks (3 mm in diameter) were soaked in solutions of the 
following antibiotics; gentamycin suLphate (Sigma) ( 1  00 �g mL - 1 ), neomycin sulphate 
(Sigma) (50 �g mL- l ) ,  streptomycin sulphate (Sigma) ( 1 00 �g mL- 1 ), rifampicin 
(S igma) (50 �g mL- 1 ), cephaloridine (S igma) ( 1 00 �g mL- 1 ), tetracycline 
hydrochloride (S igma) (500 �g mL- 1 ), oleandomycin (Sigma) ( 1  00 �g mL - 1 ), 
penicil l in G (Sigma) ( 1 0  i .u mL- I ) and vancomycin hydrochloride (David Bull 
Laboratories Pty Ltd, Melbourne, Austral ia) (50 �g mL- \ The disks were placed 
over the surface of SNA plates, freshly inoculated with the isolates. Plates were 
examined for inhibition zones after four days incubation at 28°C in the dark. 
3.5. 1 0  Chemotaxonomical  cha racteristics of actinomycete isolates 
3.5. 1 0. 1  Detection of characteristic whole-cel l  sugars 
The method of Lechevalier ( 1 968) was used to determine the whole-cell sugar 
pattern for the three-actinomycete i solates. Actinomycete cel ls were cultivated in 
yeast extract-dextrose broth (Waksman, 1 950) for 1 0  days in the dark at 28°C. 
Samples were washed twice with sterile distil led water, the cel ls separated by 
centrifugation, dehydrated by the addition of 95% ethanol for 24 h, and dried for 2 h at 
60°C Fifty milligrams of dry cell s  were added to an open Pyrex test tube with 1 mL 
of 1 N H2S04 and the tubes were placed in a boiling water bath for 1 h. The acid 
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hydrolysate was adjusted with saturated barium hydroxide solution to pH = 5 .  The 
white precipitate was centrifuged off, and the supernatant fluid plus 5 mL chloroform 
(as anti-contaminant) was dried at 3 7°C for 5 h. The dry residue was taken up in 0 .4  
mL distilled water and 20 ilL were spotted on a sheet of Whatman No.  1 filter paper, 
drying each fraction of the sample with heated air in such a way that it formed a ring. 
A standard mixture of sugars, including galactose (Sigma), glucose (S igma), mannose 
(Sigma), arabinose (Sigma), xylose (Sigma), madurose (3-0-methyl-D-galactose) and 
ribose (S igma) were spotted as references. The components of the samples were 
separated by descending chromatography in the top phase of the system "n-butanol : 
water: pyridine: toluene" (5 : 3 : 3 : 4 v/v). After 48 h, the visual ization of the sugars 
was accomplished by spraying the dried, developed chromatograms with acid aniline 
phthalate (3 .25  g phthalic acid dissolved in 1 00 mL water-saturated butanol plus 2 mL 
aniline) and heating at 1 20°C for 5 min. Hexoses appeared as brown spots and 
pentoses as pink spots. 
3.5. 1 0.2  Determination of d iaminopimel ic  acid (DAP) 
The method of  Becker et al. ( 1 964) was followed . Actinomycete cel ls were 
cultivated, prepared and dried as described for the determination of whole-cell sugars. 
For each actinomycete isolate, dried cell s  ( 1 0  mg) were hydrolyzed for 1 8  h with 1 rnL 
of 6N HCl in a sealed pyrex tube held at 1 00°C in an oven. After hydrolysis and 
cool ing, the content of the tube was filtered through Whatman No. 1 filter paper, the 
sediment was washed with three drops of distilled water and the filtrate was dried for 
three consecutive times on a steam bath to eliminate t he HCl .  The residue was taken 
up in 0 .3  rnL distil led water, and 20 ilL of the liquid was spotted and dried on 
Whatman No 1 fi lter paper as described above. Ten ilL of a 0 .0 1 M mixture of meso 
and LL-diaminopimelic acid was spotted to serve as a reference standard. Descending 
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chromatography was carried out overnight using the solvent system: "methanol : water 
: 1 0  HCl : pyridine" in rat ios of (v/v) (80 : 1 7 . 5  : 2 . 5  : 1 0) .  Amino acids were 
detected by spraying the chromatogram with ninhydrin (Sigma) dissolved in acetone, 
followed by heating for 2 min at l OO°e . Spots of DAP showed olive green color 
fading to yellow whi lst other amino acids in the hydrolysate appeared as purple spots 
and migrated faster than did the DAP. LL-DAP migrated faster than meso-DAP. 
3.6 Evaluation of the efficiency of adding d ifferent soil organic 
a mendments on cucumber growth characteristics under 
glasshouse conditions 
3.6. 1 Actinomycetes i noculum production 
The inoculum of each actinomycete isolate was prepared by scraping 40 plates 
of the sporulating cultures, grown on OMYEA, into 1 l iter of sterile distil led water 
( 1 2 rC for 20 min) and 500 ml of this suspensions were added to 1 5  liters of 
sterilized water that had been aseptically introduced into a small sterile plastic drum 
and incubated for 1 0  days at 28°C in the dark . Inoculum was prepared and used 
immediately in the same day. Serial dilut ions were prepared and five 0.2 ml aliquots 
were inoculated separately onto OMYEA plates before use to confirm the presence or 
absence of the actinomycetes and to determine the inoculum density. The inoculum 
density was calculated to be ( 1  X 1 0 1 2  cfu/ml). The drums were routinely shaken to 
ensure uniformity of colonization. 
3.6.2 Soi l infestation 
Cucumber seeds were disi nfected in 70% ethyl alcohol for one min followed 
by immersion in 0. 5% NaOCI for two min. Surface-sterilized seeds were then washed 
seven times with sterile distilled water and air-dried . The seeds were pre-germinated 
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on moist fi lter paper at 28 ± 2°C in the dark for 4 days, to obtain uniform seedlings . 
The germinated seeds were sown into the soil to a depth of 5 mm. Each treatment was 
replicated four times with five plants per replicate, in a fully randomized block design 
in an e aporatively cooled glasshouse and maintained at 25°C ± 4°C . A buffer zone 
(2 m) was made in between each plot . 
The plants were fertilized at sowing and every 1 5  days with the fish emulsion 
(treatments 2, 5, 6 8, 1 1 , 1 4, 1 5 , and 1 7), with seaweed extract (treatments 3, 5, 7, 8,  
1 2, 1 4, 1 6, and 1 7), with humic acid extract (treatments 4, 6, 7, 8, 1 3 , 1 5 , 1 6, and 1 7), 
with inorganic fertilizer applied as a soil drench (treatments 9 and 1 8) at the 
manufacturer's recommended rate, and with the actinomycetes mixture (treatments 1 0, 
1 1  1 2, 1 3 , 1 4, 1 5, 1 6, 1 7  and 1 8), whilst treatments 1 received only water. The plants 
were watered daily with water. 
In total, there were 1 8  treatment combinations: ( 1 )  control (non-treated moist 
soil with cucumber plants only), (2) + fish emulsion, (3) + seaweed extract, (4) + 
humic acid extract, (5)  + fish emulsion + seaweed extract, (6) + fish emulsion + 
humic acid extract, (7) + seaweed extract + humic acid extract, (8) + seaweed extract 
+ humic acid extract + fish emulsion, (9) + inorganic ferti l izer applied as a soil 
drench, ( 1 0) + actinomycetes mixture, ( 1 1 )  + actinomycetes mixture + fish emulsion, 
( 1 2) + actinomycetes mixture + seaweed extract, ( 1 3 )  + actinomycetes mixture + 
humic acid extract, ( 1 4) + actinomycetes mixture + fish emulsion + seaweed extract, 
( 1 5 ) + actinomycetes mixture + fish emulsion + humic acid extract, ( 1 6) + 
actinomycetes mixture + seaweed extract + humic acid extract, ( 1 7) + actinomycetes 
mixture + seaweed extract + humic acid extract + fish emulsion, and ( 1 8) + 
actinomycetes mixture + inorganic fertilizer applied as a soil drench. 
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The inorganic fertilizer used was an all purpose soluble ferti l izer (Thrive® 
Arthur Yates & Co Limited, Milperra, NSW Australia) (NPK 27:  5 . 5 :  9) .  The 
chemical analysi s (%) of the ferti lizer was as follows: N as N03 
- 3, N as NH4 2 .6, N 
as NH2CONH2 2 1 .4, P as water soluble 5 . 5  K as KN03 9, Mg as MgS04 0. 1 5 , S as 
S04 0. 22, Cu as CuS04 0 .005,  Zn as ZnS04 0.02, B as Na2B407 0 .005, Mn as 
MnS04 0.04, Fe as chelated Fe 0 . 1 8, and Mo as Na2Mo04 0.002. The applications 
of 3 00 rn1 per plant (8 g 4 . 5  r 1 of water) were made once every 1 5  days. 
The fish emulsion (Arthur Yates & Co Limited, Milperra, NSW, Australia) 
(NPK 3 :  1 . 5 :  1 . 5 )  was made from pure fish residue with the following chemical 
analysis (%) :  nitrogen as fish waste 3, phosphorus as water soluble 1 . 5 ,  potassium as 
fish waste 1 . 5 ,  calcium as fish waste 1 . 5 .  The fish emulsion contained 66% w/w 
water and 34% w/w sol ids. 
The seaweed (Acadian seaplants, Acidian seaplants Limited, Dartmouth, 
ova-Scotia Canada) was an extract of fresh brown algae Ascophyllun1 nodosun1 . 
The chemical analysis of the seaweed extract was as follows: organic matter 1 3- 1 6%, 
total nitrogen (N) 0 .3 -0.6%, available phosphoric acid (P20S) 0 .3 -0 .6%, soluble 
potash (K20) 4-6 .2%, sulphur 0 .3 -0.6%, magnesium 0. 1 -0 .2%, calcium 0 .05-0 . 1 %, 
iron 44-75 ppm, copper 9- 1 5  ppm, zinc 1 5-23 ppm, manganese 2-4 ppm, and boron 
30-44 ppm. 
The humic acid extract (Jisa-Jiloca I ndustrial, F .A factory, Antigua azucarera, 
s-n Santa Eulalia (Ceruel) Japan) used was a high quality product, which was rich in 
organic matter 35% w/w. The total humic extract and humic acids were 1 8% w/w, 
and the humic acids was approximately 0 .82% w/w and the fulvic acid was 1 7 . 1 8  % 
w/w. 
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The soil around each plant was amended with 300 ml of either fish emulsion 
or seaweed extract or humic acid extract singly or in combination at the 
manufacturer's recommended rate (20 rnl per 1 0  liter of water) every 1 5  days for a 
period of 45 days. 
Plant growth was monitored by recording the fresh weight and dry weight of 
roots and shoots, lengths of roots and shoots, and fresh weight of cucumber fruits 
when they were of marketable size at the time of harvest (45 days after sowing). 
3.7 Estimation of the tota l soi l  microbial activity 
I n  order to compare the effect of fish emulsion, seaweed extract, humic acid 
extract, singly and in combinations or the inorganic fertilizer on the endogenous soil 
microbial activity, only nine treatments were chosen. These treatments were the soil 
amended with fish emulsion (treatment 2), soil amended with seaweed extract 
(treatment 3 ), soil amended with hurnic acid extract (treatment 4), soil amended with 
fish emulsion in combination with seaweed extract (treatment 5 ), soil amended with 
fish emulsion in combination with humic acid extract (treatment 6), soil amended with 
seaweed extract in combination with hurnic acid extract (treatment 7), soil amended 
with seaweed extract in combinat ion with both humic acid extract and fish emulsion 
(treatment 8), non-amended soil (treatment 1 ), and soil amended with inorganic 
fertilizer applied as a soil drench (treatment 9). 
The microbial activity of the freshly sampled rhizosphere soils was measured 
by the arginine ammonification method as described by Alef and Kleiner ( 1 987) .  
Freshly sampled rhizosphere soi ls were collected from each treatment at sowing stage 
and after six weeks. Briefly, 2 g of each soil sample (non-treated moist soi l) were 
placed in 1 0  mL glass bottles, closed with a cotton plug and incubated for one hour at 
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30°e . L-arginine solution (Sigma) (0. 5 mL of 0 .25% in H20) was added dropwise to 
the soil bottles and incubated for three h at 30°e. Bottles with and without arginine 
represented the sample and the blank, respectively. After three h the bottles were 
stored at -20°C for another three h. After storage, the samples were thawed and 
immediately mixed with 8 rnL of 2 M KCI (ammonium free) and stirred for 1 5  min. 
This treatment effectively removes most of the ammonia adsorbed to soil particles 
(Waring and Brerrmer, 1 964) . After centrifugation at 650 rpm for 20 min, the 
supernatant was used to determine the concentration of ammonia by the indophenol 
blue reaction. The concentration of ammonia was determined by reading the optical 
density at 630 nm, as described by Kempers ( 1 974) .  Arginine ammonification was 
expressed as Jlg NH4 + l iberated g dry 
- 1 soi l .  Each soil was replicated five times. 
3.8 Plant nutrient analysis 
To determine the overall effect on nutrients level in relation to the enhanced 
plant growth� comparisons were made between the plant growth responses in soil 
treated with fish emulsion combined with seaweed extract and humic acid extract 
(treatment 8), inorganic fertilizer applied as a soil drench (treatment 9), fish emulsion 
combined with seaweed extract and humic acid extract coupled with the 
actinomycetes mixture (treatment 1 7), and inorganic fertil izer applied as a soil drench 
combined with the actinomycetes mixture (treatment 1 8), and non-amended soil 
(control treatment) (treatment 1 ). 
After harvest, cucumber roots, the youngest fully opened leaves and fruits 
were selected at rando� washed in  deionized water, sliced into small pieces and oven 
dried overnight at 70°e. The roots, leaves or fruits (four replicates per treatment) 
were then analyzed for mineral nutrients as follows. For the measurement of N, finely 
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ground plant material was combusted at 950°C in oxygen using a LECO FP-428 
Nitrogen Analyzer. The released N from the sample was measured as it passed 
through a thennal conductivity cel l .  For Cu Zn, Mn., Ca, Mg, Na, Fe, K,  P, and S,  
plant material was digested in  a 9 :  1 mixture of nitric and perchloric acid and 
measured by Inductively Coupled Plasma ( ICP) (McQuaker et aI. , 1 979). For the 
measurement of Cl and N03 
-, plant material was extracted in deionized water and the 
Cl and N03
-
- were measured simultaneously using a Lachat Flow I njection 
Analyzer. The N03 
- was reduced to N02 
- through a copperised cadmium column 
and the nitrate was measured colorimetrically at 520 nm. The concentration of CI was 
measured colorimetrically at 480 nm (Zall et aI. , 1 956) .  For the measurement of B, 
plant material was dry-ashed and the ash was extracted with dilute acid .  B was then 
measured colorimetrically with Azomethine H (Gaines and Mitchel l, 1 979). 
3.9 Statistical analysis 
A randomized complete block design was used and analysis of variance was 
carried out using Superanova® (Abacus Concepts, I nc . ,  B erkeley, CA, USA) to 
evaluate the effect of different soil amendments with or without the application of 
actinomycetes inoculum on plant productivity in the glasshouse trials. Significant 
differences between means were determined by Fisher's Protected LSD Test at P = 
0.05 .  





4. 1 Analysis of soil sam ples 
The sandy soil used in the present study was yel lowish brown in color with a 
pH of 7 . 7. The soil sample was characterized by containing different amounts of 
minerals .  The general physical and chemical characteristics of the soil  used in the 
present study are listed in Table (9). 
4.2 Prel iminary screening of the actinomycete isolates for their a bi l ity 
to produce PGRs 
The numbers of actinomycetes were found to be high in the cucumber 
rhizosphere soi l .  The colony forming units were found to be (cfu = 1 5 . 7  x 1 04g dry- ! 
soil ) .  Fifty-seven actinomycetes isolates were purified from the cucumber 
rhizosphere soi l  Out of the 57  actinomycetes, only three actinomycetes (C2 1 ,  C3 3 ,  
and CS 1 )  were selected based on their abi l ity to  produce high amounts of  PGRs 
(auxins  such as I ndole acetic acid ( IAA), and gibberel l ins such as gibberellic acid 
(GA]» , in SNB as detected by the big spot size on the TLC. The rest of the isolates 
were either non-producers of PGRs or produce only a very small amount of PGRs as 
detected by the small spot size on the TLC, and consequently were not included in the 
subsequent studies.  
TLC analysis of culture extracts of the three i solates (C2 1 ,  C33, and CS 1 )  
showed clear big spots at the Rf corresponding to the authentic of I ndole acetic acid 
(IAA), and gibberellic acid (GA]), when the chromatograms were treated with the 
chromogenic reagents. In addit ion, several other auxins and gibberellin-like 
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Table 9 . Generalf characteristics of the 
cucumber soil samples collected from Al-Ain,  
United Arab Emirates in January (200 1 ) .  
Soil characteristics Soil  
Texture Sandy 
pH in (O.OI M ) CaCl2 7.7± 0 .004 
Conductivity (dS m-I ) 3.95 ± 0.005 
Organic C (%) 0.35 ± 0.04 
P (mg kg-1) 1 4.55 ± 0.73 
K+ (mg kg-1 ) 144 ± 1 .35 
Soluble Na+ (mM-I ) 7.33 ± 0.86 
Soluble Ca2+ (mM-I ) 25.24 ± 1 .75 
Soluble Mg2+ (mM-I) 3.75 ± 0.06 
S04
2- (mg kg-1 ) 8.5 ± 0.65 
N H4 + - N (mg kg-
I ) 1 8  ± 1 .65 
N03
- - N (mg kg-I) 9.3 ± 1 .44 
Fe (mg kg-I ) 1 55 ± 5 . 1 2  
Mean ± standard error. 
Results are means of two replicates. 
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compounds were detected on the TLC plates at different Rf values, but their identities 
were not determined due to the lack of authentic compounds. No PGRs were detected 
on TLC plates with sterile SNB.  
In  the bioassay experiments, substances extracted from actinomycete cultures 
grown in SNB and corresponding in position to the authentics IAA, and GA3 Rf 
values produced significant (P < 0.05) elongation in the bioassays with oat 
coleoptiles ( IAA) and lettuce hypocotyls (GA3). 
4.3 Identification of the three actinomycete genera to species level 
The three actinomycete isolates were identified to the species level according 
to the criteria mentioned in Bergey's Manual of Systematic Bacteriology 
(Anonymous, 1 989). 
Microscopic examination showed that the three isolates produced stable 
branched substrate mycelium and well developed aerial mycelium . I solate C 2 1  and 
C 5 1  produced stalked spiral chains of spores consisting of 4-8 turns and 1 -4 turns 
respectively. I solate C 33 produced short straight flexuous chains of spores 
(rectiflexibiles ) .  
Electronic microscope examination showed that spores of isolates C 21  and 
C 3 3  were cylindrical with rounded ends, while spores of isolate C 5 1  were oval with 
more or less rounded ends.  The surface structure of spores of isolates C 33 and C 5 1  
were smooth where those of isolate C 2 1  were spiny to warty. 
On the basis of the above characteristics and these given in tables ( 1 0, 1 1 , 1 2, 
1 3 , 1 4, 1 5 , 1 6, 1 7, 1 8, 1 9  and 20) the three actinomycete isolates C 2 1 ,  C 33  and C 5 1  
are best identified as Streptomyces antimycoticus, Streptomyces clavuligenls and 
Streptomyces erumpens, respectively. 
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Table 1 2  Growth of the th ree act inomycete isolates at different temperatures after 
15 days of incubation. 
Temperature Streptomyces Streptomyces Streptomyces 
antimycolicus davuligerus erwnpens 
(C 2 1 )  (C33) (CSl )  
4 °C 
10 °C 
28 °C + + + 
37 °C + + + 
45 °C 
52 °C 
(+) = growth, (-) no growth. 
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Table 1 3  Growth o f  the th ree actinomycete isolates in the p resence o f  differen t 
inhib itors after 1 5  days o f  incu bation. 
G rowth inh ibitor Streptomyces Streptomyces Streptomyces 
anJimycoticus cwvuligerus erumpens 
(C 2 1 )  (C33) (CS t )  
Sodium ch lo ride (0%) + + + 
Sodium chloride (0.5%) + + + 
Sodium chloride (5%) + 
Sodium ch loride ( 1 0%) + 
Sodium ch loride ( 1 5%) 
Sodium azide (0. 0 1 %) 
Sodium azide (0.02%) 
Phenol (0. 1 %) + 
Potassium tel lu rite (0.00 1 %) + + + 
Potassium tellu rite (0.0 1 %) + + + 
Thallous acetate (0.00 1 %) + + 
Thallous acetate (0.0 1 °/_) 
Crystal violet (0.000 1 %) + 
(+) = growth, (-) no growth. 
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Table 14  Production o f  enzymes by the th ree actinomycctes isolates. 
Production  of enzymes Streptomyces Streptomyces Streptomyces 
anJimycoticus cUzvuligerus erumpens 
(C 2 1 )  (C 33) (C 51)  
Lipase + + 
Kerat inase + + + 
Cel lu lase + 
Pect inase + + 
Ch it inolyt ic + + + 
Nitrate reduction 
Production of H2S 
+ + 
Coagulation of mi lk + + 
Peptonisat ion  o f  m ilk + + 
(+) = positive reaction,  (-) n egative reaction. 
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Table 1 5  Growth of the three actinom�cete isolates on different carbon sources. 
Carbon source Streptomyces Streptomyces Streptomyces 
antimycoticus clavuligerus erumpens 
(C 2 1 )  ( C  33) (C 5 1 )  
L-arabinose + 
Raffinose 
S ucrose + + 
D-xylose + + 
Meso-inositol  + + 
M a n ni tol + 
Mal tose + + + 
D-fr uctose + + 
L-rham nose + 
D-man nose + + + 
Ribose + 
D-Lactose + + + 
I n u l i n  + + 
S a l i c i n  + + 
Trehalose + + 
Dextran + + 
D-galactose + + 
Ce l lob iose + + 
Adonitol + + + 
Xyl itol + + + 
Sodiu m  acetate + 
Sodium propionate + + + 
Sod i u m  citrate + 
Sodi u m  malonate + + + 
Sodium pyruvate + + 
(+) = growth, (-) no growth. 
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Table 1 6  G rowth of the three act inomycete isolates on d ifferent n i trogen sources. 
N itrogen sou rce Streptomyces Streptomyces Streptomyces 
antimycoticus clavuligerus erumpens 
(C 2 1 )  (C 33) (C 5 1 )  
D L-a-am ino-n-butyric acid + + + 
otass i u m  n i t rate  + + + 
IJL- cysteine + + + 
�....L-val ine + + 
I�L-t h reonine + 
-serine + + + 
-phenylal a n i n e  + + 
�.L-m eth ion i n e  + + 
- h is t id ine  + + 
.L-argin ine + + + 
L-hydroxyprol ine + + 
:+) = growth, (-) no  growth. 
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Table 17 Degradation o f  complex compounds by the th ree actinomycete isolates. 
Complex Streptomyces Streptomyces Streptomyces 
compounds antimycolicus cwvuLigerus erumpens 
(C 21 )  ( C  33) (C 51)  
A denine + + + 
Tyrosine + + 
hypoxanthine + + 
X an thine + + + 
Elastin + + 
Casein + 
Glycogen + + + 
Testosterone 
Guanine + + + 
Gelat in + + + 
Starch + + + 
DNA + 
RNA + + + 
Aescul in + 
A rbutin + + + 
Tween 80  + + 
A l lan to in 
Urea 
(+) = degradation o f  the compound, (-) = no degradation of the compound. 
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Table 1 8  Sensit ivity o f  the th ree act inomycetes isolates to different antibio tics. 
Antibiotic ()lg mL- 1 ) Streptomyces Streptomyces Streptomyces 
anJimycoticus clavuligerus erumpens 
(C 2 1 )  ( C  33) (C 5 1 )  
Gen tamicin sulphate ( 1 00) 20 2 2  25 
Neomycin sulphate (50) 0 1 3  0 
Strep tomycin su lphate ( 1 00) 60 55 65 
Rifampicin (50) 0 32  30 
Cephalo rid ine ( 1 00) 0 0 0 
Dimethyl ch lorotet racycline (500) 0 0 0 
Oleandomycin ( 1 00) 0 0 0 
Penicill in G ( 1 0  i u) 55 0 30 
Vancomycin (50) 25 45 0 
Numbers indicate the d iameter of inh ibit ion zone in mm. 
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Table 1 9  A n ti-microbia l  activit ies of the th ree actino mycetes isola tes against a 



















(+) = inh ibition of growth;  (-) no inh ibition of g rowth 
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clavuligerus erumpens 









Table 20 Cell wall  chemotype and whole cell sugar pattern (o r t he th ree actinomycete isola tes. 
Act inomycete 
Streptomyces an1imycoticus (C 2 1 )  
Streptomyces cUl\'U/igerus ( C  33) 
Streptomyces erumpens (C 51)  
Chemotypes, I :  L-DAP a n d  glycine. 
NA: Not applicable 








4.4 Evaluation of the efficiency of adding d ifferent soil amendment 
on cucum ber growth characteristics under glasshouse conditions 
The application of fish emulsion (treatment 2), seaweed extract (treatment 3 ), 
or humic acid extract (treatment 4) separately (single treatment) significantly (P < 
0.05) increased the fresh and dry weights of root and shoot, root and shoot lengths, 
and fresh weight of fruits compared to control (non-treated moist soil) (treatment 1 )  
(Tables 2 1 , 22, 23 and 24) (Figures 1 , 2, 3 , 4, 5, 6, and 7) .  
In  combined treatments, the application of fish emulsion combined with 
seaweed extract (treatment 5 ), fish emulsion combined with humic acid extract 
(treatment 6), or seaweed extract combined with hurnic acid extract (treatment 7) were 
used. It was clear that the application of the combined treatments significantly (P < 
0.05) raised the fresh and dry weights of root and shoot, root and shoot lengths, and 
fresh weight of fruits compared to control (non-treated moist soil) (treatment 1 ), or 
fish emulsion (treatment 2), or seaweed extract (treatment 3 ), or humic acid extract 
(treatment 4).  I t  was found that the best combination was fish emulsion combined 
with humic acid extract (treatment 6) and seaweed extract combined with hurnic acid 
extract (treatment 7) (Tables 2 1 ,  22, 23 and 24) (Figures 1 , 2, 3 , 4, 5 , 6, and 7) .  
Simil arly, the triple treatment which included fish emulsion combined with 
seaweed extract and humic acid extract (treatment 8) resulted in a significant increase 
(P < 0.05) in the fresh and dry weights of root and shoot, root and shoot lengths, and 
fresh weight of fruits compared to control (non-treated moist soil) (treatment 1 ), or 
fish emulsion (treatment 2), or seaweed extract (treatment 3),  or humic acid extract 
(treatment 4) or fish emulsion combined with seaweed extract (treatment 5), or fish 
emulsion combined with humic acid extract (treatment 6), or seaweed extract 
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Table 21 Effect of fish emulsion, humic acid, seaweed extracts and actinomycetes separately or in combination, on shoot and root lengths of cucumber 
grown in an evaporatively cooled glasshouse maintained at 26°C. The effect of inorganic fertil izer alone or combined with actinomycetes is also shown 
% of increase % of i ncrease 
Treatments Shoot length (cm) Root length (cm) in shoot length in root length 
( 1 )  Control (moist soil with cucumber plants only) 1 3 1 .75 ± ( 1 .65) a 1 2 .75 ± ( 1 . 1 0) a 
(2) Fish emulsion 1 80.25 ± (2.05) e 24.25 ± (0.85) d 37 90.2 
(3) Seaweed extract 1 85 .50 ± (0.65) f 29.75 ± (0.62) e 40.8 1 33 .3  1 (4) Humic acid extract 1 73.75 ± ( 1 .75) d 34.25 ± (0.47) f 3 1 .9 1 68.6 
(5) Fish emulsion + Seaweed exract 1 86.25 ± (0.85) f 36.50 ± (0.28) g 41 .4 1 86.3 
(6) Fish emulsion + Humic acid exract 1 91 .75 ± (0.81 ) g 28.50 ± (0.64) e 45. 5  1 23.5 
(7) Seaweed + Humic acid exracts 1 95 .50 ± (0.62) g 37.50 ± ( 1 .04) g 48.4 1 94 . 1  
(8) Fish emulsion + Seaweed + Humic acid exracts 200.75 ± (2.49) h 40.50 ± (0.64) h 52.4 21 7.6 
(9) I norganic fertilizer applied as soil drench 1 65.50 ± (2. 1 0) c 20.25 ± (0.84) c 25.6 58.8 
( 1 0) Actinomycetes mixture only 1 51 .75 ± ( 1 .65) b 1 6.00 ± (0.91 ) b 1 5.2 25.5 
(1 1 )  Actinomycetes + Fish emulsion 253.00 ± ( 1 .47) I 48.50 ± (0.64) I 92 280.4 
( 1 2) Actinomycetes + Seaweed extract 265.75 ± (2.09) j 52.75 ± (0.85) j 1 01 .7 31 3.7 
( 1 3) Actinomycetes + Humic acid extract 267.20 ± (0.84) j 52.00 ± (0.9 1 )  j 1 02 .8 307.8 
( 1 4) Actinomycetes + Fish emulsion + Seaweed exract 273.00 ± (0.70) k 56.50 ± (0.64) k 1 07.4 343. 1 
( 1 5) Actinomycetes + Fish emulsion + Humic acid exract 271 .00 ± ( 1 .33) k 52.05 ± (0.90) j 1 05.7 308.2 
( 1 6) Actinomycetes + Seaweed + Humic acid exracts 287.00 ± ( 1 .08) I 47.50 ± (0.28) I 1 1 7.8 272 .5  
( 1 7) Actinomycetes + Fish emulsion + Seaweed + Humic acid exracts 301 .5  ± (2.255) m 57.75 ± ( 1 . 3 1 )  k 1 28 .8 352.9 1(1 8) Actinomycetes + I norganic fertil izer applied as soli drench 1 78.75 ± (2. 39) e 35.75 ± (1 . 1 1) fg 35.7  1 80.4 
Plant were harvested after 45 days. Values are means of four repl icates (five plants per repl icate) . The values in  parentheses are the 
standard error of the mean and the letters with the same lower case within a column are not significantly different (P>0.05). 
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Table 22 Effect of fish emulsion, humic acid, seaweed extracts and actinomycetes separately or in combination, on fresh weights of shoot and root of cucumber 
grown in an evaporatively cooled glasshouse maintained at 26°C. The effect of inorganic fertilizer alone or combined with actinomycetes is also shown 
Treatments Fresh weight Fresh weight % of increase in 
of shoot (g) of root (g) shoot fresh weight 
( 1 )  Control (moist soil with cucumber plants only) 1 96.75 ± (2.68) a 43. 50 ± ( 1 . 55) a 
(2) Fish emulsion 294.00 ± (1 .47) e 76.50 ± (0.64) e 49.4 
(3) Seaweed extract 288.50 ± ( 1 . 32) d 80.50 ± ( 1 .84) f 46.6 
(4) Humic acid extract 301 .00 ± ( 1 .29) f 72. 50 ± ( 1 .70) d 53 
(5) Fish emulsion + Seaweed exract 306.00 ± ( 1 .68) g 86.25 ± ( 1 . 1 0) g 55.5 
(6) Fish emulsion + Humic acid exract 31 2.00 ± ( 1 .47) h 87.25 ± (0.62) gh 58.6 
(7) Seaweed + Humic acid exracts 31 7.20 ± ( 1 . 1 0) I 90.25 ± (0.85) h 61 .2 
(8) Fish emulsion + Seaweed + Humic acid exracts 321 .00 ± ( 1 .68) ij 94.75 ± ( 1 .3 1 ) I 63. 1 
(9) Inorganic fertilizer applied as soil drench 274.50 ± (2.05) c 65.00 ± ( 1 .08) c 39.5 
( 1 0) Actinomycetes mixture only 222.75 ± (3. 30) b 58.75 ± ( 1 .31 ) b 1 3.2 
( 1 1 )  Actinomycetes + Fish emulsion 330.75 ± ( 1 .65) k 1 1 2.25 ± (0.85) j 68. 1 
( 1 2) Actinomycetes + Seaweed extract 334.75 ± (1 .62) k 1 1 3.26 ± (1 .49) j 70. 1 
( 1 3) Actinomycetes + Humic acid extract 324.50 ± ( 1 . 55) j 1 1 7.00 ± ( 1 .08) k 64.9 
( 1 4) Actinomycetes + Fish emulsion + Seaweed exract 342.50 ± ( 1 . 1 9) I 1 21 .50 ± (0.95) I 74. 1  
( 1 5) Actinomycetes + Fish emulsion + Humic acid exract 348.00 ± ( 1 . 08) m 1 25 .50 ± (0.64) m 76.9  
( 1 6) Actinomycetes + Seaweed + Humic acid exracts 354.50 ± ( 1 .44) n 1 33.00 ± ( 1 .05) n 80.2 
( 1 7) Actinomycetes + Fish emulsion + Seaweed + Humic acid exracts 364.20 ± ( 1 .65) a 1 43.00 ± ( 1 .55) a 85. 1 
1(1 8) Actinomycetes + I norganic fertilizer applied as soil drench 299.50 ± (2. 1 0) f 75.25 ± (1 .54) de 52.2 
Plant were harvested after 45 days. Values are means of four replicates (five plants per repl icate) . The values in parentheses are the 
standard error of the mean and the letters with the same lower case within a column are not significantly different (P>0.05). 
% of increase in 




















Table 23 Effect of fish emu lsion,  hum ic acid , seaweed extracts and actinomycetes separately or in com b ination, on d ry weights of shoot and root of cucum ber grown in 
an evaporatively cooled g lasshouse m aintained at 26°C . The effect of inorganic ferti l izer alone or com bined with actinom ycetes is also shown 
Treatments 
( 1 )  Control (m oist soil with cucum ber plants only) 
(2) Fish emulsion 
(3) Seaweed extract 
(4) H u m ic acid extract 
(5) Fish emulsion + Seaweed exract 
(6) Fish emulsion + H u m ic acid exract 
(7) Seaweed + H um ic acid exracts 
(8) Fish emu lsion + Seaweed + H u m ic acid exracts 
(9) Inorganic fertil izer appl ied as soil d rench 
( 1 0) Actinom ycetes m ixture only 
( 1 1 )  Actinom ycetes + F ish em ulsion 
( 1 2) Actinom ycetes + Seaweed extract 
( 1 3) Actinom ycetes + H u m ic acid extract 
( 1 4) Actinomycetes + Fish emulsion + Seaweed exract 
( 1 5) Actinomycetes + Fish emulsion + H u m ic acid exract 
( 1 6) Actinomycetes + Seaweed + H u m ic acid exracts 
( 1 7) Actinom ycetes + Fish em ulsion + Seaweed + H u m ic acid exracts 
( 1 8) Actinomycetes + Inorganic fertil izer appl ied as soil d rench 
D ry weight of shoot (g) 
42.75 ± ( 1 . 1 0) a 
84. 50 ± (0.64) d 
88.50 ± (0.62) e 
9 1 .25 ± (0.75) ef 
94.25 ± (0.62) fg 
90.25 ± (0.85) e 
97.25 ± (0.80) g 
1 0 1 .00 ± ( 1 .68) h 
77.25 ± ( 1 .25) c 
72 .00 ± ( 1 .08) b 
1 02.25 ± ( 1 .25) hi  
1 05.25 ± (0.85) ij 
1 1 2.25 ± ( 1 .03) k 
1 03.25 ± ( 1 . 37) hij 
1 06.00 ± ( 1 . 35) j 
1 1 6.00 ± (0.9 1 ) I 
1 22.75 ± ( 1 . 1 0) m 
9 1 .75 ± (2. 1 75) ef 
D ry weight of root (g) 
% of increase in 
shoot d ry weig ht 
5.45 ± (0 . 1 5) a 
1 7.22 ± (0.39) d 97.7 
1 9.77 ± (0. 35) f 1 07 
1 8. 52 ± (0.33) e 1 1 3. 5  
20.97 ± (0.37) 9 1 20.5  
22.52 ± (0.23) h 1 1 1 . 1  
25.27 ± (0.2 1 )  I 1 27 . 5  
30.90 ± (0.38) k 1 36.3 
1 6.00 ± (0.23) c 80.7 
1 1 . 1 0 ± (O.24) b 68.4 
4 1 .20 ± (0.43) I 1 39.2 
42.77 ± (0. 1 1 )  m 1 46 . 2  
44.98 ± (0.35) n 1 62.6 
46.67 ± (0. 1 8) 0 1 4 1 . 5 
5 1 .73 ± ( 1 . 32) p 1 48 
56.05 ± (0. 38) q 1 7 1 . 3 
60.57 ± (0. 35) r 1 87 . 1  
27.27 ± (0. 56) j 1 1 4.6 
Plant were harvested after 45 days. Values are m eans of four repl icates (five plants per repl icate). The values in parentheses are the 
standard error of the m ean and the letters with the sam e  lower case within a colum n are not significantly d ifferent ( P>0.05) . 
% of increase In 
root d ry weig ht 
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Table 24 Effect of fish emulsion, humic acid, seaweed extracts and actinomycetes separately or in combination, on fresh weights of 
cucumber grown in an evaporatively cooled glasshouse maintained at 26°C. The effect of inorganic fertilizer alone or combined with 
actinomycetes is also shown 
Treatments 
( 1 )  Control (mOist soil with cucumber plants only) 
(2) Fish emulsion 
(3) Seaweed extract 
(4) Humic acid extract 
(5) Fish emulsion + Seaweed exract 
(6) Fish emulsion + Humic acid exract 
(7) Seaweed + Humic acid exracts 
(8) Fish emulsion + Seaweed + Humic acid exracts 
(9) I norganic fertilizer applied as soil drench 
( 1 0) Actinomycetes mixture only 
( 1 1 )  Actinomycetes + Fish emulsion 
( 1 2) Actinomycetes + Seaweed extract 
( 1 3) Actinomycetes + Humic acid extract 
( 1 4) Actinomycetes + Fish emulsion + Seaweed exract 
( 1 5) Actinomycetes + Fish emulsion + Humic acid exract 
( 1 6) Actinomycetes + Seaweed + Humic acid exracts 
( 1 7) Actinomycetes + Fish emulsion + Seaweed + Humic acid exracts 
(1 8) Actinomycetes + I norganic fertil izer applied as soil drench 
Fresh weight of fruits (g) 
62.50 ± ( 1 .04) a 
1 1 1 .25 ± ( 1 .49) d 
1 14 .5 ± ( 1 . 32)de 
1 1 8 .00 ± ( 1 .08) ef 
1 2 1 .50 ± ( 1 . 1 9) fg 
1 25.75 ± ( 1 .88) g 
1 21 .00 ± ( 1 .47) f 
1 33 .50 ± ( 1 .32) h 
99.50 ± (2. 1 0) c 
84 .75 ± ( 1 .3 1 ) b 
1 54 .50 ± ( 1 . 55) I 
16 1 .00 ± ( 1 .47) j 
1 54.25 ± ( 1 .65) I 
1 71 .50 ± ( 1 .55) k 
1 76.00 ± (0.9 1 )  I 
1 83.00 ± ( 1 .08) m 
1 94.00 ± (0.70) n 
1 1 3.75 ± (1 .94) de 
% of increase in 





1 0 1 .2  
93.6 







1 81 .6 
1 92 .8 
21 0.4 
82 
Plant were harvested after 45 days. Values are means of four repl icates (five plants per repl icate) . The values in parentheses are the 
standard error of the mean and the letters with the same lower case within a column are not significantly different (P>O.05). 
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Figure ( 1 ) :  Effect of fish emul sion , h umic aCid ,  seaweed extracts and actlnomycetes separately or in combination,  on 
shoot length of cucumber g rown in a n  evaporatively cooled g lasshouse maintai ned at 26°C . The effect of inorganic 
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Figure (2)'  Effect of fish emuls ion,  humic aCid ,  seaweed extracts and actinomycetes separately or in combination,  on root 
length of cucumber grown in an evaporatively cooled g lasshouse maintained at 26°C. The effect of inorganic fert i l izer 
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Figure (3) ; Effect of fish emulsio n ,  humic acid , seaweed extracts separately or in com binat ion,  on fresh weight of shoot of 
cucu m ber grown i n  an evaporatively cooled glasshouse m a i ntai ned at 26°C . The effect of inorganic ferti l izer alone or 
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Figure (4) :  Effect of fish e m u lsion,  humic acid , seaweed extracts separately or in com bination,  on fresh weight of root of 
cucu mber g rown in an eva porat ively cooled g l asshouse mainta i ned at 26°C . The effect of inorganic ferti l izer alone or 
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Figure (5):  Effect of fish emuls ion,  humic aci d ,  seaweed extracts separately or i n  combination, on d ry weight of shoot of 
cucumber grown i n  a n  evaporatively cooled glasshouse maintained at 26°C . The effect of inorganic ferti l izer alone or 
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Figure (6) : Effect of fish emulsion , humic acid,  seaweed extracts separately or in combination,  on d ry weight of root of 
cucumber g rown in an evaporatively cooled g lasshouse maintained at 26°C. The effect of i norganic fert i l izer alone or 



















Fig u re (7) : Effect of fish em ulsion ,  h umic acid , seaweed extracts separately or in com binat ion,  on fresh weight of cucu m ber 
fruits g rown in a n  evaporatively cooled g lasshouse m a i ntai ned at 26°C,  The effect of inorga nic  fertil izer alone or combined 
with acti nomycetes is a lso shown, 
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Treatments 
combined with humic acid extract (treatment 7) (Tables 2 1 ,  22, 23 and 24) (Figures 1 ,  
2, 3 ,  4, 5 , 6, and 7).  
In  order to evaluate the effect of actinomycetes inoculation, same 
combinations were repeated using a mixture of actinomycetes isolates (C 2 1 ,  C 33 ,  
and C 5 1 ). I n  the case of the single treatments, the application of fish emulsion and 
actinomycetes mixture (treatment 1 1 ), or seaweed extract and actinomycetes mixture 
(treatment 1 2), or humic acid extract and actinomycetes mixture (treatment 1 3 ) 
significantly (P < 0.05)  increased the fresh and dry weights of root and shoot, root and 
shoot lengths, and fresh weight of fruits compared to control (treatment 1 ), or 
actinomycetes mixture alone (treatment 1 0) (Tables 2 1 ,  22, 23 and 24) (Figures 1 ,  2, 
3 , 4 5, 6, and 7). 
I n  combined treatments, the application of fish emulsion combined with 
seaweed extract and actinomycetes mixture (treatment 1 4), or fish emulsion combined 
with humic acid extract and actinomycetes mixture (treatment 1 5), or seaweed extract 
combined with humic acid extract and actinomycetes mixture (treatment 1 6) 
significantly increased (P < 0.05)  the fresh and dry weights of root and shoot, root and 
shoot lengths, and fresh weight of fruits compared to control (non-treated moist soil) 
(treatment 1 ), or actinomycetes mixture alone (treatment 1 0), or fish emulsion and 
actinomycetes mixture (treatment 1 1 ), or seaweed extract and actinomycetes mixture 
(treatment 1 2), or humic acid extract and actinomycetes mixture (treatment 1 3 ) .  I t  
was found that the best combination was fish emulsion combined with humic acid 
extract and actinomycetes mixture (treatment 1 5 ), and seaweed extract combined with 
humic acid extract and actinomycetes mixture (treatment 1 6) (Tables 2 1 ,  22, 23 and 
24) (Figures 1 ,  2, 3, 4, 5, 6, and 7) .  
1 08 
Similarly, the triple treatment which included fish emulsion combined with 
eaweed, humic acid extracts and actinomycetes mixture (treatment 1 7) resulted in a 
significant increase (P < 0.05) in the fresh and dry weights of root and shoot, root and 
shoot lengths, and fresh weight of fruits compared to control (non-treated moist soil )  
(treatment 1 )  or  fish emulsion and actinomycetes mixture (treatment 1 1 ), or  seaweed 
extract and actinomycetes mixture (treatment 1 2), or humic acid extract and 
actinomycetes mixture (treatment 1 3 ), or fish emulsion combined with seaweed 
extract and actinomycetes mixture (treatment 1 4), or fish emulsion combined with 
humic acid extract and actinomycetes mixture (treatment 1 5), or seaweed extract 
combined with humic acid extract and actinomycetes mixture (treatment 1 6) (Tables 
2 1 , 22, 23 and 24) (Figures 1 , 2, 3 , 4, 5 , 6, and 7) .  
It i s  noteworthy to mention that the application of either fish emulsion 
combined with hurnic acid and seaweed extracts separately (treatment 8) or in 
combination with actinomycetes mixture (treatment 1 7) gave a significant 
improvement (P < 0.05)  of the observed growth characteristics compared to the 
treatment which included the application of inorganic ferti lizers either alone 
(treatment 9) or combined with actinomycetes mixture (treatment 1 8) (Tables 2 1 ,  22, 
23 and 24) (Figures 1 , 2, 3, 4, 5, 6, and 7) .  
It was clear that the treatment which included the application of fish emulsion 
combined with seaweed, humic acid extracts and actinomycetes mixture (treatment 
1 7) gave the best increase in cucumber growth characteristics (Tables 2 1 ,  22, 23 and 
24) (Figures 1 , 2, 3 , 4, 5, 6, and 7). 
The % increase of each treatment over the control (non-treated moist soil )  
(treatment 1 )  is  presented in Tables (2 1 ,  22, 23 and 24) . 
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4.5 Estimation of the total soil m icrobial activity 
Arginine ammonification technique was employed in the present study to 
measure the total soil microbial activity at sowing stages of cucumber seeds and after 
6 weeks (Table 2S)  (Figures 8 and 9).  
After 6 weeks, it was found that the total soil microbial activity was the 
highest in the triple treatment of fish emulsion combined with seaweed and humic 
acid extracts (treatment 8), whereas the least were in control treatment (not treated 
soil) (treatment 1 )  and in the inorganic fertilizer treatment (treatment 9) (Table 2S)  
(Figures 8 and 9). 
The soil amended with fish emulsion, seaweed or humic acid extracts 
separately or in combination had a significantly (P < O.OS) higher total soil microbial 
activity than the non-amended soil (treatment 1 )  or the soil amended with the 
inorganic ferti lizer (treatment 9) (Table 2S) (Figures 8 and 9).  
The % increase of the total soil  microbial activities is presented in table (2S) .  
4.6 Plant nutrient analysis 
Plant nutrient analysis was performed on treatments, which included the 
application of fish emulsion combined with seaweed extract, hurnic acid extract and 
actinomycetes mixture (treatment 1 7), or inorganic fertilizer combined with 
actinomycetes mixture (treatment 1 8) .  These treatments were selected in  the present 
study based on their highest contribution to the growth characteristics of cucumber as 
reported before. 
In addition, the experiment which included the application of the inorganic 
fertilizer (treatment 9), or inorganic fertilizer combined with actinomycetes mixture 
(treatment 1 8) were included in the present study to evaluate the contribution of the 
1 1 0 
Table 25 Estimation of the total soil microbial activity after six weeks after sowing cucumber seeds in non-amended soi l ,  or soil amended 
with fish emulsion, seaweed and humic acid extracts singly or in combinations. I norganic ferti l izer is appl ied separately 
Treatments 
( 1 )  Control (moist soi l  with cucumber plants only) 
(2) Fish emulsion 
(3) Seaweed extract 
(4) Humic acid extract 
(S) Fish emulsion + Seaweed exract 
(6) Fish emulsion + Humic acid exract 
(7) Seaweed + Humic acid exracts 
(8) Fish emulsion + Seaweed + Humic acid exracts 1(9) I norganic fertilizer applied as soil drench 
�g l iberated NH4 + g-1 
dry soil at sowing 
40.55 ± (0.67) a A 
4 1 . 33 ± (0.89) a A 
40. 1 1 ± (0.23) a A 
42.23 ± (0.29) a A 
39.36 ± (0.65) a A 
40.88 ± (0. 1 2) a A 
41 .24 ± (0. 34) a A 
43.45 ± (0.27) a A 
42.88 ± (0.89) a A 
�g l iberated NH4 + g-1 
dry soil after 6 weeks 
46.75 ± (0.S2) a B 
72 .88 ± (0.96) b B 
77 . 1 0 ± (1 .S0) d B  
79.80 ± (0.S7) e B 
83.S5 ± (0.8S) f B 
79.90 ± (3.0 1 )  e B 
91 .28 ± (0.48) g B 
1 06.52 ± (0.86) c B 
65.36 ± (1 .04) h B 
Values are means of five replicates. The values in parentheses are the standard error of the mean. 
% of increase in  
microbial 
activities after 6 weeks 
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95.5 
1 2 1 .3  
145.2 
52 .4 
Letters with the same lower case or the same upper case within a column are not significantly different at (P>0.05). 
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Figure (8) :  Estimation of the total soil microbial activity at sowing cucumber seeds in non-amended soi l ,  or soil amended 
with f ish emulsion, seaweed and h u mic acid extracts singly or  in  combinations. I norganic ferti l izer is applied separately. 
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Figure (9): Estimation of the total soi l  microbial activity after six weeks of sowing cucumber seeds in non-amended soi l ,  or  
soi l  amended with fish emuls ion,  seaweed and humic acid extracts s ingly or in  combinations .  I norganic ferti l izer is applied 
separately.  
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Treatments 
application of the organic fertilizers in plant growth compared to the application of 
inorganic ferti l izer (treatment 9) and control treatment (not treated soil )  (treatment 1 )  
(Tables 26, 27 and 28).  
Plant tissues col lected from the treatments which included the application of 
the inorganic fertilizer (treatments 9), and inorganic fertil izer combined with 
actinomycetes mixture (treatment 1 8) had a significantly (P < O. a 5) higher nutrient 
levels than plants collected from the treatments of fish emulsion, seaweed and humic 
acid extracts (treatments 8) or fish emulsion combined with seaweed, humic acid 
extracts and actinomycetes mixture (treatment 1 7), or control treatment (not treated 
soil) (treatment 1 )  in roots, shoots and fruits (Tables 26, 27 and 28) .  The 
concentrations in the roots, shoots and fruits of N, P, K, Na, Ca, Mg, Cu, Mn, Zn, Fe, 
B, S, CI ,  and NO) were significantly (P < 0.05)  higher in the treatment which 
included the appl ication of the inorganic ferti l izer (treatment 9), or i norganic ferti lizer 
combined with actinomycetes mixture (treatment 1 8) than the treatments of fish 
emulsion combined with seaweed and humic acid extracts (treatments 8), or fish 
emulsion combined with seaweed, humic acid extracts and actinomycetes mixture 
(treatment 1 7) (Tables 26, 27 and 28). There were no significant differences (P > 
0 .05)  between the tissue nutrient levels between fish emulsion combined with 
seaweed and humic acid extracts (treatments 8), or fish emulsion combined with 
seaweed, humic acid extracts and actinomycetes mixture (treatment 1 7) .  I n  addition, 
there were also no significant differences between the t issue nutrient levels between 
inorganic ferti lizer (treatment 9), and inorganic fertilizer combined with 
actinomycetes mixture (treatment 1 8) .  In  general, the nutrient levels in the shoots 
were higher than those of the fruits or roots (Tables 26, 27 and 28). 
1 1 4 
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addition of actinomycete mixture, or inorganic fertilize r  with or without the addi tion of actinomycete m ix t u re on the nu trient l e v e l s  
In  the roots o f  cucumber plants. 
Nutrients level 
(8) 
Nitrogen (-/0) 3. 13 ± (0. 1 1 )  Q 
Phosphorus (-I.) 0.40 ± (0. 1 2) Q 
Potassium (-1_) 5. 13 ± (0. 18) Q 
SulfUr (-1_) 0.77 ± (0.21 )  Q 
Sodium (-1_) 0.55 ± (0. 1 1) Q 
Calcium (e;_) 0.44 ± (0. 1 6) Q 
Magnesium (-/0) 0.41 ± (0. 1 2) Q 
Chloride We) 1 .35 ± (0. 14) Q 
Copper (mglkg) 2.78 ± (0.25) Q 
Zinc (mglkg) 25.57 ± (0.71 )  Q 
Manganese (mglkg) 33.70 ± ( 1 .78) Q 
Iron (mglkg) 1 67.35 ± (4. 1 7) Q 
Nitrate (mglkg) 920. 13 ± (57.67) a 
Boron (m glkg) 15.33 ± (2. 1 8) a 
(17) 
3.22 ± (0. 1 2) Q 
0.48 ± (0. 12) Q 
5.29 ± (0. 1 5) Q 
0.70 ± (0. 13) Q 
0.48 ± (0. 1 7) Q 
0.51 ± (0. 1 1 ) Q 
0.49 ± (0. 12) Q 
1 .44 ± (0. 15) Q 
2.51 ± (0.28) Q 
26.88 ± (0.28) Q 
35.5 1 ± (2. 10) Q 
170. 1 1  ± (5.84) Q 
960. 13  ± (54.22) a 
17. 1 2  ± (1.77) a 
Treatments number 
(9) ( 18) (1) 
5.95 ± (0. 1 8) b 6.07 ± (0. 1 6) b 1 . 1 1 ± (0. 1 2) c 
0.94 ± (0. 1 2) b 0.98 ± (0. 1 1)  b 0. 1 3  ± (0.08) c 
6.81 ± (0. 1 9) b 6.93 ± (0. 10) b 1. 76 ± (0. 13) c 
1. 75 ± (0. 1 2) b 1 .68 ± (0. 1 2) b 0.22 ± (0.02) c 
0.88 ± (0. 1 3) b 0.79 ± (0. 1 1) b 0.08 ± (0.01) c 
1 . 1 2  ± (0. 1 6) b 1 .26 ± (0. 1 1 )  b 0. 17  ± (0.05) c 
0.66 ± (0. 1 2) b 0.59 ± (0. 1 1 ) b 0.16 ± (0.04) c 
2.75 ± (0. 14) b 2.81 ± (0. 13) b 0.6 1 ± (0.21)  c 
4.05 ± (0.29) b 3.95 ± (0. 2 1 )  b 1 .25 ± (0.33) c 
24.57 ± (0.41) Q 24.88 ± ( 1 .20) Q 10. 15  ± (0.23) c 
49.78 ± ( 1 .08) b 50. 1 5  ± (2.86) b 22.35 ± ( 1 .23) c 
190.51 ± (4.39) b 188. 10  ± (6.2 1 )  b 63. 12  ± (3. 1 1 ) c 
5100.25 ± (413.05) b 5225. 15 ± (21 5.68) b 275.45 ± (44.98) c 
28.75 ± (1 .52) b 26.87 ± (1 .45) b 8. 17  ± (1. 15) c 
Values are means of four repUcates. and the values In parentheses are the standard error of the mean. Letten w ith the same lower case within a 
row are not significantly different at(p > 0.05) according to Fisher', Protected LSD Test. 
actinomycete mixture, or inorganic fertUizer with or without the addition of actinomycete mixture on the nutrient levels In the shoob of cucumber 
plants. 
Nutrients level Treatments number 
�8� �172 �9� p8� �1� 
Nitrogen (0/.) 8.25 ± (0. 16) II 8.33 ± (0.32) II 1 1 . 78 ± (0.56) b 1 1 .95 ± (0.20) b 3.75 ± (0.09) c 
Phosphorus (Of.) 4.33 ± (0.52) a 4.78 ± (0.62) a 5.90 ± (0.22) b 5.85 ± (0.23) b 0.93 ± (0.03) c 
Potassium (0;0) 1 0.44 ± (0.38) a 1 0. 1 1  ± (0.35) a 13.77 ± (0.35) b 13.65 ± (0.67) b 4.55 ± (0.31) c 
Sulfur (Of.) 2.34 ± (0.42) a 2.65 ± (0.56) a 3.95 ± (0.72) b 3.78 ± (0.82) b 0.88 ± (0.03) c 
Sodium (%) 1 .85 ± (0.34) a 1 .76 ± (0.37) a 2.67 ± (0.73) b 2.57 ± (0.81 )  b 0.77 ± (0.03) c 
Calcium (%) 1 .77 ± (0.46) II 1 .64 ± (0.61 )  a 2.72 ± (0.46) b 2.86 ± (0.71) b 0.89 ± (0.07) c 
...... 
0'1 Magnesium (0;0) 2.67 ± (0. 1 9) a 2.52 ± (0. 1 8) a 2.46 ± (0. 1 6) a 2.61 ± (0.21 )  a 0.55 ± (0.02) c 
Chloride (%) 3.55 ± (0.64) II 3.78 ± (0.72) a 4.22 ± (0.37) b 4.46 ± (0.63) b 0.8 1 ± (0.03) c 
Copper (mglkg) 4.88 ± (0.35) a 4.68 ± (0.48) a 6.25 ± (0.35) b 6.42 ± (0.41)  b 1 .94 ± (0.03) c 
Zinc (mglkg) 33. 17  ± (2.71 )  a 35.68 ± (2.36) a 37.57 ± (2.31) a 34.45 ± (2. 1 0) a 1 5. 1 5  ± (0.56) c 
Manganese (mglkg) 47.67 ± (4.38) a 49.9 1 ± (5. 1 5) a 6 1.28 ± (3.05) b 64.55 ± (4.64) b 30. 15  ± ( 1 .34) c 
Iron (mglkg) 198.55 ± (6.75) a 200.51  ± (7.94) a 220.41  ± (5.69) b 225.97 ± (8.71 )  b 80. 17  ± ( 1 .31 )  c 
Nitrate (mglkg) 1 105.35 ± (77.97) a 1 135. 1 5  ± (74.72) a 7250.25 ± (617.67) b 7950.35 ± (678.88) b 550.34 ± (27. 1 8) c 
Boron (mglkg) 21 .45 ± (4.58) a 22.56 ± (5.572 a 31.56 ± (6.72) b 33.46 ± (4.672 b 1 2.96 ± (1 .372 c 
Values are means of four replicates, and the values in parentheses are the standard error of the mean. Letters with the same lower case within a 
row are not significantly different at (P > 0.05) acrordlng to Fisher's Protected LSD Test. 
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actinomycete mixture, or inorganic fertiliz.er with or without the addition of actinomycete mixture on the nutrien t level� in the fruits of 
cucumber plants. 
Nutrients level Treatment! number 
�8! �11} �9! {1 8! (I! 
Nitrogen W.) 6.56 ± (0.27) a 6.45 ± (0.62) a 8. 1 8  ± (0.86) b 7.98 ± (0.45) b 2.44 ± (0.75) c 
Phosphorus (°/.) 3. 1 3  ± (0.96) a 3.36 ± (0.74) a 4.67 ± (0.92) b 4.74 ± (0.73) b 0.79 ± (0.63) c 
Potassium (Of.) 7.88 ± (0.98) a 8.02 ± (0.75) a 9.45 ± ( 1 . 1 2) b 9. 1 5  ± (0.98) b 3.88 ± (0.68) c 
Sulfur (Of.) 1.88 ± (0.98) a 1 .73 ± (0.75) a 2.34 ± (0.92) b 2. 1 2  ± (0.98) b 0.67 ± (0.08) c 
Sodium (Of.) 1. 1 1  ± (0.74) a 1 .23 ± (0.84) a 2.35 ± (0.33) b 2.44 ± (0.9 1 )  b 0.54 ± (0.0 1 )  c 
Calcium (Of.) 1 .44 ± (0.96) a 1 .25 ± (0.9 1 )  a 2.14 ± (0.86) b 2.34 ± ( 1 .0 1 )  b 0.80 ± (0.09) c 
-
- Magnesium (Of.) 1 .78 ± (0.65) a 1 .67 ± (0.67) a 2. 15  ± (0.78) b 2.04 ± (0.78) b 0.37 ± (0.04) c -l 
Chloride (Ofo) 2.66 ± (0.84) a 2.88 ± (0.92) a 3.98 ± (0.78) b 4.04 ± (0.93) b 0.62 ± (0.03) c 
Copper (mglkg) 2.95 ± (0.95) a 3.08 ± (0.88) a 5.79 ± (0.95) b 5.98 ± (0.7 1 )  b 1 . 1 1 ± (0.4 1 )  c 
Zinc (mglkg) 22. 78 ± (3.5 1 )  a 24.28 ± (2.96) a 25.89 ± (2.91) a 23.75 ± (3. 1 9) a 1 0.45 ± ( 1 .09) c 
Manganese (mglkg) 41. 1 1  ± (4.23) a 4 1.88 ± (5.85) a 52.48 ± (3.45) b 53. 12  ± (4.79) b 1 4.28 ± ( 1 .07) c 
Iron (mglkg) 170.67 ± (7.85) a 176.8 1  ± (9.94) a 205. 1 1  ± (6.79) b 209.27 ± (8.8 1 )  b 62. 1 7  ± ( 1 .6 1 )  c 
Nitrate (mglkg) 1004.65 ± (73.57) a 1 070.45 ± (70.32) a 6 148.85 ± (530. 1 6) b 6 1 03.56 ± (567.28) b 486.94 ± (36. 1 8) c 
Boron (mglkg) 1 8.43 ± (5.78! a 1 9.36 ± (4.61} a 27.96 ± (8.32! b 28.25 ± (6.71} b 9.45 ± (1 .44) c 
Values are means of four repUcates, and the values in parentheses are the standard error of the mean. Letters wi th the same lower case w ithin a 





I n  the present study, actinomycetes that produced PGRs were isolated from the 
soil of the U AE. Three actinomycetes species together with three organic fertilizers 
namely: fish emulsion, humic acid and seaweed extracts were added to cucumber 
soils .  Significant increase in shoot and root lengths, shoot and root fresh and dry 
weights, and fresh weight of fruits proved the feasibility of using such fertilizers in the 
UAE soi ls . Moreover, the above fertilizers showed significant growth and yield 
changes of cucumber plants over those made by applying inorganic ferti l izers. The 
results recorded in this investigation are quite correlated to those made by many 
investigators. For example, fish emulsion has previously been used as a fertilizer for 
plant growth (Aung and Flick, 1 980; Emino, 1 98 1 ) . Aung and Flick ( 1 980) reported 
that soluble nutrients in fish emulsion applied at biweekly intervals stimulated 
vegetative growth and gave comparable growth and fruit yield of greenhouse-grown 
tomatoes as plants ferti lized with full strength Hoagland's  nutrient solution. In a 
similar study, Emino ( 1 98 1 )  found that the growth characteristics of seven greenhouse 
container-grown plant species receiving a weekly application of fish emulsion (NPK 
5 :  0 .44: 0 .44)  was equivalent to the application of a complete inorganic fertilizer 
solution (NPK 20: 8 . 8 :  1 6.6) .  The results of this work confirmed the previous 
conclusion. Fish emulsion added at 1 % by volume was reported to enhance the effect 
of sawdust waste as a constituent of growth media for tomato resulting in increased 
yield (Cheng, 1 987) .  Ndiaye et  al. (2000) used fish by-products (NPK 5 .3 :  4 :  0 .9) as  
a soil amendment for growing millet and groundnut and concluded that the 
application of fish by-products significantly increased millet grain and groundnut 
1 1 8 
yield compared to the treatments that did not include the fish by-products. Even after 
one year the residual effect of fish by-product significantly improved yields of millet 
and groundnut compared with an inorganic ferti lizer (NPK 1 4 : 7: 7) and after two 
years til l equaled yields of the same crops with inorganic fertil izer (Ndiaye et aI. , 
2000) .  
On the other hand, seaweed extract has previously been used as  a ferti l izer for 
plant growth (passam ef a!. , 1 995; Fike et aI. , 200 1 )  and for increasing water-holding 
capacity (Eyras et aI. , 1 998) .  Moreover, hurnic acid extract has also previously been 
used as a ferti l izer for plant growth promotion in many places (DiatIoff et aI. , 1 998; 
Adani et a!. , 1 998) and it showed an increase in the plant yield (Ayuso, 1 997) and in 
the minerals uptake (Adani et aI. , 1 998) .  
The nutritive value of fish emulsion comes from its complex composition, 
which contained inorganic elements, mixtures of essential amino acids such as 
histidine, methionine, lysine, serine, tryptophan (Okot, 1 995), proteins (Barlow et aI. ,  
1 98 1 ); l ipids (Gunstone and Wijesundera, 1 978); significant amounts of  riboflavin, 
pantothenic acid, niacin, biotin, folacin and vitamin B- 1 2  (Regier et aI. , 1 974). These 
constituents are available for uptake by plants through fol iage or roots. There is 
strong evidence indicating the uptake of organic compounds in soil by plant roots 
(Seear et aI. , 1 968) .  
Similarly the high nutritive value of seaweed extract comes from its chemical 
composition, which contain protein, carbohydrates, ashes, fiber (Castrogonzalez et al. , 
1 996), saturated and unsaturated fatty acids, and vitamin A (Norziah and Ching, 
2000), in addition to minerals such as calcium, iron (Norziah and Ching, 2000), 
phosphorous, and chloride (Castrogonzalez et aI. , 1 996). 
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The third organic fertilizer use in the present investigation was humic acid, 
which has also high nutritive value. It contained lignin-derived compound, nonlignin­
derived aroTUatic compound, heterocyclic N, fatty acid methyl esters, and dicarboxylic 
acid dimethyl esters (Chefetz et ai. , 2002) .  
I n  the glasshouse study, the yields of cucumber plants treated with the 
combination of actinomycetes, fish emulsion seaweed and humic acid extracts 
(treatment 1 7) perfonned significantly better than the other treatments. It is 
noteworthy that treatment 9 (inorganic fertilizer alone) and treatment 1 8  (inorganic 
fertilizer combined with actinomycetes mixture) which significantly increased plant 
yield but to a lesser extent than other treatments which included the application of the 
organic fertilizers showed more levels of tissue nutrients in their plants compared to 
other treatments. For example, the inorganic ferti lizer application either alone or 
combined with the actinomycetes mixture (treatments 9 and 1 8  respectively) resulted 
in higher levels of nutrients in tissues, whilst the nutrient levels of plants grown on 
fish emulsion combined with seaweed and humic acid extracts either alone or 
combined with the actinomycetes mixture (treatments 8 and 1 7  respectively) were 
significantly less. This indicates that the significant growth enhancement seen in 
treatments 8 and 1 7  were more likely to have resulted from the activity of PGRs rather 
than just from the presence of high level of plant nutrients. It is likely that the PGRs 
were able to enhance growth in the presence of adequate mineral nutrients, which are 
also believed to be involved in growth promotion by PGPR (Kloepper et ai. , 1 980). 
The selected actinomycetes in the present study produced high levels of PGRs 
including auxins, and gibberell ins in their culture filtrates. Several actinomycetes 
have been reported to produce auxins (Tien et ai. , 1 979; El-Abyad et ai. , 1 994; Noel 
et al. , 1 996), gibberellins (Bastian et ai. , 1 998; Gutierrez-Manero et ai. , 200 1 )  and 
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cytokinins (Gonzalez-Lopez et af. , 1 986; Aldesuquy et al. , 1 998;  De Salamone et aI. , 
200 1 ) . 
In  the pre ent investigation, the observed plant growth increase with the 
actinomycetes inoculants is supported by other observations where a wide range of 
free-living bacteria and/or actinomycetes when applied as inoculants are able to 
enhance germination, plant vigor and plant health (EI-Tarabily et af. , 1 996; Whipps 
200 1 ) . 
Addition of organic fertilizers to the soi l  enhanced the PGPR to increase their 
PGRs concentrations in the soi l .  This become more beneficial to plant growth as  
shown in  the present investigation, where the yield of the shoot, root and fruit have 
significantly increased. For example, the percentage of increase in length of shoot 
and root in treatment 1 7  showed values of 1 28 . 8% and 352 .9%, respectively 
compared to the control treatment . On the other hand, inorganic ferti l izer application 
(treatment 1 8) has much less effect ( i .e .  3 5 . 7% and 1 80 .4%, respectively) .  A result 
l ike this showed that organic fertilizers enhanced PGRs production by actinomycetes 
and their effect appeared on the yield of the cucumber plants .  
To add more depth to the understanding that organic ferti l izers promote 
microbial activities in the soil, microbial activities were recorded after supplementing 
the soil with the three organic fertilizers used in the present study. Ammonification of 
arginine was used as an activity measure according to Alef and Kleiner ( 1 980). The 
percentage of increase of microbial activity reached 1 45 .2% for treatment 8 (Table 
25), which significantly reflected the strong effect of organic nutrients on microbial 
activities. On the other hand, inorganic ferti l izers recorded much less activities of 
microorganisms when supplemented to the cucumber plants soi l .  
1 2 1  
Results mentioned above were confirmed by other investigators. For example, 
Sri nivasan el af. ( 1 996) reported that some Bacillus spp. produced significant amounts 
of l AA when grown in a liquid culture medium supplemented with 1 00 !J.g L­
tryptophan r l ,  whilst less lAA was produced in a culture medium not supplemented 
with L-tryptophan. El-Abyad et af. ( 1 994) reported that the addition of either L­
tryptophan or DL- tryptophan to a nutrient medium significantly increased production 
of both cellular and extracellular indole pyurvic acid by Streptomyces griseoflavus. 
Fish emulsion has been reported to contain tryptophan, the precursor of lAA (Landry 
and Delhaye 1 994). Libbert et aZ. ( 1 969) reported that inoculation with bacteria may 
result in an increase in the IAA content in plants .  Seaweed extract has been found to 
have cytokinins-like activity (Stirk and Vanstaden, 1 996) . Crouch and Vanstaden 
( 1 993 ) reported the supporting evidence for the occurrence of plant hormones in 
commercial seaweed preparations. 
PGR biosynthesis in soil by rhizosphere microorganisms may increase upon 
the addition of their precursors. Nieto and Frankenberger ( 1 989) reported that 
microbial biosynthesis of cytokinins was enhanced fol lowing the application of 
cytokinins precursors (adenine and isopentyl alcohol) to soil .  Sarwar and 
Frankenberger ( 1 994) also reported that the microbial biosynthesis of auxins was 
enhanced by L-tryptophan application to soil, resulting in enhanced com growth. 
In order to record and be aware of the PGRs producing microorganisms used 
in the present study, the three actinomycetes isolates were identified on the basis of 
morphological, cultural, biochemical, physiological and chemotaxonomical 
characteristics. Using the international identification manual namely Bergey's  
Manual of  Systematic Bacteriology (Anonymous, 1 989) the three isolates were 
identified as Streptomyces antimycoticus C 2 1 ,  Streptomyces clavuligerns C 33 ,  and 
1 22 
Streptomyces emmpens C 5 1 .  Such results are considered tentative, but satisfy and 
fulfill the scientific background of the present study. However it is recommended that 
more work should be done to characterize species based on peptidoglycan type, fatty 
acid pattern major menaquinone, phospholipid type and molecular % of G + C of 
D A .  Additional information on the three actinomycetes species will help a lot in the 
future if genetic techniques needed to improve the production of plant growth 
regulators. 
In the present study only actinomycetes were used, and similar tests with 
fungal and bacterial inoculants are clearLy needed to give more depth to the native of 
the application. 
I t  is  noteworthy that the fish emulsion, seaweed and humic acid extracts which 
are commonly used in UAE for the production of horticultural crops at the rates 
recommended for commercial use, are less expensive than inorganic ferti l izers. It is 
also leached less readily in comparison to inorganic ferti lizers, and therefore it is an 
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